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HEADING-TIME HALVED BY CHILLING 
Frontispiece 

Harvest Queen winter wheat grown in a greenhouse at 55 to 65° F., with the full winter 
daylight and light from a tungsten lamp (25 foot candles at the soil line) from sunset to 
10:30 p. m. daily. The plants on the left were from germinated seeds chilled at 30 to 35° F. 
in the dark for 67 days. Those on the right were from unchilled seeds germinated to a point 
equal to that of the chilled seedlings at room temperature just before all the seedlings were 
placed in the greenhouse. The plants from chilled and unchilled seeds headed 66 days and 
128 days, respectively, after planting. 
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EARLINESS AND SEASONAL GROWTH 
HABIT IN WHEAT 
As Influenced by Temperature and Photoperiodism 


H. H. McKinney and W. J. Sanpo* 
Division of Cereal Crops and Diseases, United States Department 
of Agriculture 


URING recent years plant 
i> breeders in the United States 
have been making practical 
use of Garner and Allard’s’ findings 
on effect of length of day on plant 
development. By adjusting the length 
of the daily photoperiod it is possible 
to bring about sexual reproduction 
simultaneously in early and late types 
in several crop plants. In spring cer- 
eals it is also possible to obtain two 
generations in one year by growing 
the winter crop in a long day consist- 
ing of winter daylight and electric 
light, thus greatly facilitating hybridi- 
zation and the increase of progenies. 
Recently, reports of Russian work 
on the acceleration of sexual repro- 
duction, the so-called “lIarovization” 
of plants, have attracted considerable 
attention in the United States.¢ Ow- 
ing particularly to interest in this 
method as it applies to winter wheat, 
the writers have been requested to 
summarize their own work, as _ well 
as certain early American work, on 
the acceleration of sexual reproduc- 
tion (earliness) in wheat. 

Earliness and seasonal growth habit 
will be considered from a_ rather 
broad point of view. Several meth- 
ods for inducing earliness of sexual 
reproduction in wheats will be dis- 
cussed, together with certain plant 
characteristics that it is thought play 
a part in determining earliness and 
seasonal growth habit. 

In the present work the effects of 
environment are based to a large ex- 
tent on the time of heading which in 
the varieties used preceded fertiliza- 
tion from two to five days. 


Inducing Earliness in Certain Types 
of Wheat by Chilling the Germinated 
Seed or Seedlings 


The earliest work on the chilling of 
germinated wheat seeds that has come 
to the attention of the writers is that 
of Klippart*®, an American investi- 
gator in Ohio, who obtained his re- 
sults previous to 1857. Apparently 
this work has been unknown to all 
recent workers who have studied this 
problem, and, because of the histori- 
cal interest the following is quoted 
from Klippart : 

To convert winter into spring wheat, noth- 
ing more is necessary than that the winter 
wheat should be allowed to germinate slight- 
ly in the fall or winter, but kept from vege- 
tation by a low temperature or freezing, 
until it can be sown in the spring. This is 
usually done by soaking and sprouting the 
seed, and freezing it while in this state and 
keeping it frozen until the season for spring 
sowing has arrived. Only two things seem 
requisite, germination and freezing. It is 
probable, that winter wheat sown in the fall, 
so late as only to germinate in the earth, 
without coming up, would produce a grain 
which would be a spring wheat if sown in 
April instead of September. The experiment 
of converting winter wheat into spring wheat, 
has met with great success. It retains many 
of its primitive winter wheat qualities, and 
produces at the rate of 28 bushels per acre. 

When the autumn sowing is de- 
layed temperatures sometimes drop 
very quickly, preventing the emerg- 
ence of the seedlings until the follow- 
ing spring. If there is enough mois- 
ture during the winter to _ start 
germination the resulting plants will 
produce a_ satisfactory commercial 
crop the following spring. This has 
been observed for many years in the 
Pacific Northwest and in parts of the 


* Senior pathologist and associate agronomist, respectively. 
+ A brief summary of this work was given in the preceding issue of the JourNAL 
(Page 165). References are given there to other Russian publications on this subject. 
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Southwest. The writers of this pa- 
per have observed this relationship 
independently in date-of-seeding nur- 
series at the Arlington Experiment 
Farm (near Washington, D. C.)., The 
senior writer observed the phenome- 
non in 1920 in date-of-seeding nurser- 
ies at Granite City, Ill., and stated 
that it seemed evident that “the effect 
of soil temperatures in relation to the 
stages of plant development is large- 
ly responsible.’’>. 

The studies of the writers on the 
chilling of germinated seeds were 
started without knowledge of the 
early American work, though it was 
known that German investigators had 
studied the effects of low tempera- 
tures on older seedlings. In 1924 the 
junior writer conducted an experi- 
ment with germinated winter-wheat 
seed held in a dark chamber for vari- 
ous periods up to six days at tem- 
peratures of 24, 32, and 40° F., re- 
spectively. However, none of these 
treatments was of sufficient duration 
to accelerate heading. 

The results of the writers’ first test 
in 1928-29 have been briefly sum- 
marized®, Typical plants from a part 
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of this test are illustrated in the Front- 
ispiece. The seeds of Harvest Queen 
winter wheat were moistened and as 
soon as the plumules burst the peri- 
carp tissue they were placed in a 
dark, mechanical refrigerator with 
the temperature ranging from 30 to 
35° F. After 67 days at this tem- 
perature range the germinated seeds 
were planted in pots of soil in a 
greenhouse at 55 to 65° F. with full 
winter daylight and light from a 
Mazda tungsten lamp (25 foot cand- 
les at the soil line) from sunset to 
10:30 p. m. daily. The duration of 
the daily photoperiod ranged from 16 
to 18 hours. The unchilled seeds 
were germinated at room temperature 
until they reached the same stage of 
germination as that of the chilled 
seedlings. Plants from these seeds 
were used as controls. 

Plants from the chilled seeds head- 
ed 66 days after planting, whereas 
plants from the unchilled seeds did 
not head until 128 days after planting. 

Germinated wheat seeds and seed- 
lings have been chilled at different 
temperatures, as indicated in Table 
I. These data show that tempera- 


TABLE I.—Number of days from the end of the chilling treatment to heading in three winter varieties 
and in ——- and Prelude, spring wheats. Seedlings were chilled 65 days in the dark at different 


tures. After chilling, the plants were grown in a greenhouse with uninterrupted light at 70 to 


at Dering the, dy went above, the wee 
Number of Days from End of Chilling to Heading 
Variety 
30 to 35°F.| 37 to 39°F. 39 to 41° 42 to 44°F. chilling 

Harvest Queen 43° 39 39 42 
Currell 53 39 39 45 amen” 
Sol 109 52 52 56 ner 
Marquis 35 42 42 47 35 
Prelude 33 39 39 45 31 


* Corrections were made in heading times to allow for differences in the development of the seedlings 
held at the different chilling temperatures at the time chilling was discontinued. The time comparisons 
were computed from ene one-sixteenth of an inch in length. 


>No heading at the end of 140 days. 


‘ 
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tures from 37 to 44° F. were more 
favorable than the lower tempera- 
tures for stimulating earliness in the 
winter varieties tested. Sol and Cur- 
rell varieties were especially favored 
by the temperatures above 35° F. 
However, the advantage became less 
at 42 to 44° F. 

The low temperatures retarded ear- 
liness in Prelude and Marquis spring 
wheats. Other tests show that the 
heading time is reduced six days in 
Kinney, a late spring wheat, when 
the germinated seeds are chilled at 
from 37 to 39° F. for 28 days and the 
subsequent plants are grown at sum- 
mer temperatures in continuous light. 
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The influences of the duration of 
chilling, temperature, and daily photo- 
periods subsequent to chilling are 
shown in Table II for several va- 
rieties. 

It will be noted that more varieties 
failed to head at 70 to 90° F. in a nat- 
ural day than at the lower outdoor 
temperatures with a natural day, and 
the number of failures were least 
with uninterrupted light at the out- 
door temperatures. It is evident from 
these data that the proper time re- 
quired for chilling the germinated 
seed will be determined not only by 
the characteristics of the variety but 
also by the temperature and light 


TABLE I1.—Influence of different growing conditions on the time in days from the end of the chilling 


period to heading. Slightly germinated seeds of the varieties were chilled in the dark at 30 to 35° F. 
Plants from unchilled seedlings were grown for comparison. Plantings made April 15, 


different periods. 


z 


1932, at the Arlington Experiment Farm, Rosslyn, Va. 


Growing conditions after cniliing 
Watural day in 
24-hour day Natural day greenhouse 
Variety 6.2. outdoors outdoors® 70 to 90°F.« 
No. [lumber days Yumoer days Wumoer days 
chilled chilled chilled 

80 765 O {65 0 80 65 40 0 
Hybrid "x" 39 [40 of 53] 5I] 67] | 40 | 42 J1s2 
Turkey 1558 [46 [47 [50 O}] 69} 73) 79) O | 63 | 89 0 
Kanred 5146 [45 [51 63) 70} Of O | 55 72 0 
Minhardi 5149 [47 [48 177 72] 82] OF O 0 0 
Mintarki 6150 [46 }48 [52 O}] 66} o9f OF O | 62 0 
Buffum 17 33530 |50 [59 QO} OF OF OF O F123 0 0 
Odessa 4475 |48 [47 [67 66] 84] OF O | 89 [108 
Rudy 6465 [43 449 61] 63] 80} O | 55 61 0 0 
Harvest Queen [sel. [44 [45 O} 59} 59] 74) O | 51 56 
Sol 6009 443 [55 O Of OF OF OF 0 0 0 
Currell 3326 [435 [46 [60 O} 61] 69] Of O | 55 [146 
Purplestraw 1915 [46 [46 [51 | 75] 65] 63) 647 | 52 | 52] 75] 77 
Oakley 6301 [41 [44 O} 56) 71] O | 51 | 49 | 95 
Spelt 1772 [42 [43 [46 | 47] 51] 65] 71178 | 59 | 59 | 67 | 69 
Marquis 3041 ee 42 ee ee 60 ee ee 56 


#C. I. denotes accession number of the Division of Cereal Crops and Diseases, formerly Office of 


Cereal Investigations. 


» The mean temperatures outdoors for April, May, June, and July were 52.6, 64.2, 73.2, and 77.4° F., 


respectively. 
temperatures averaged near 10° for these months. 


The departures of the daily maximum and daily minimum temperatures from the mean 


¢ At night and on dark days the temperature in the greenhouse was controlled between 70 to 75° F. 


until May 10 when the steam was turned off. The temperatures at mi 

4 This wheat came to the senior writer unnamed from the Kansas Agricultural Ex 
It is said to be from a cross between Kanred and Hard Federation. 
It was of particular interest because of its extreme earliness in the mosaic-disease 


chaff is white. 


lay averaged 90° : 
riment Station. 


It has the beak of Kanred and the 


nursery at the Arlington farm and because it gave evidence of having a rather extreme low-temperature 
requirement during its initial growth phase for earliness. 
e Zeros indicate that no heading occurred during the summer. 
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conditions that obtain during the sub- 
sequent growing period. 


Practical Applications 


From these results it appears that 
the lower temperatures and longer 
days that prevail in Russia may be 
more favorable for the use of spring- 
sown chilled (iarovized) winter wheat, 
especially certain varieties, than the 
higher temperatures and shorter days 
obtaining in the principal winter- 
wheat areas of the United States. 
So far as the United States is con- 
cerned it remains to be demonstrated 
that spring-sown chilled winter 
wheats have any advantage over suit- 
able spring wheats in the cropping 
system, 

By chilling germinated winter- 
wheat seeds it is possible for the 
plant breeder to study spring-sown 
winter varieties and spring varieties 
simultaneously in northern regions 
where winter wheats cannot be grown 
when fall sown. It is also possible to 
obtain two or more generations of 
winter wheat in one year, depending 
on the characteristics of the geno- 
type. In practice the method has 
been used to advantage in producing 
one crop of winter wheat outdoors 
and a second crop in a greenhouse. 
Germinated seed is chilled at 37 to 
39° F. for 50 to 65 days preparatory 
to sowing early in the spring. Seed 
from the resulting field crop is germi- 
nated and chilled. The plants from 
these chilled seedlings are then man- 
aged so as to avoid heading during 
the shortest days of the year, as low 
light intensity frequently induces 
sterility even when the days are 
lengthened by means of Mazda tung- 
sten lamps. The seed from this 
crop may be germinated and sown 
in the field in regions of moderate 
winters before February 15, or it 
may be germinated and chilled in a 
refrigerator preparatory to sowing in 
the field in the spring. 

When small numbers of seeds are 
being treated they may be germinated 


of Heredity 


and placed in damp soil. At 37 to 
39° F. the plumules may become 2 or 
3 inches long when held for 50 to 65 
days in darkness, but on transplant- 
ing in the light they become green 
and develop into strong plants. When 
large numbers of seeds are being 
handled it is not practicable to trans- 
plant seedlings. In this case it is ad- 
vantageous to retard germination dur- 
ing the chilling treatment. This is 
accomplished by maintaining the mois- 
ture content of the seed near 50 per 
cent of the dry weight of the seed 
It has been found more satisfactory 
to soak the seed in an excess of 
water until it is soft, than to add 
only the quantity of water necessary 
to bring the moisture content up to 
the required percentage as recom- 
mended in the Russian methods. An 
excess of water seems to reduce some 
of the irregularities in germination. 
Six to twelve hours soaking is 
sufficient for most hard-seeded varie- 
ties, but less time is required for the 
soft-seeded types. When soaking sev- 
eral bushels of seed on a floor, the 
water may be applied several times 
in order that the seed may be kept 
wet, the excess water being allowed 
to drain away. The pile should be 
covered with a canvas. Small lots 
of seed can be soaked in an excess of 
water in a container. After soaking, 
all the water is drained off and the 
damp seed allowed to germinate 
slightly at 60 to 75° F.; 65 to 70° F. 
has been found practical. When the 
early stages of germination are evident 
in the majority of seeds, the seed is 
spread out in a thin layer to dry to 
50 to 55 per cent moisture. During 
the drying process the seed should be 
shoveled or stirred, depending on the 
quantity. Fans hasten the drying 
process. 
Combining Temperature with Light 
During the Initial Growth Phase to 
Control Earliness 


Although the method of chilling 
winter-wheat seed in darkness has its 


* When chilling quantities of seed as great as a peck or more, care must be exercised to 
avoid too much rise in temperature due to the heat of respiration. Shallow boxes or bins 


3 to 4 inches deep have been found better than grain sacks for containing the seed during the 
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value, it also has its limitations. Many 
investigations on the adaptation of the 
wheat plant, and on the expression of 
characters in physiologic, genetic, and 
breeding work must be conducted in 
the light during the initial growth 
phases when low temperatures obtain. 
Temperature is a major factor in con- 
trolling earliness in wheat, especially 
in winter wheats chilled in the dark, 
but the writers cannot take the view 
of Lysenko* that temperature is the 
primary controlling environmental fac- 
tor in earliness under field conditions. 

Wanser* was the first to point out 
the importance of photoperiodism in 
the acclimatization of wheat. His 
studies, those of Garner and Allard,” 
and many others show clearly that the 
length of the daily photoperiod is of 
major importance in controlling earli- 
ness. Studies previously summarized® 
and which will be published in full 
later show that within limits tempera- 
ture and the length of the daily photo- 
period compensate for each other in 
their influence on earliness. Other 
factors such as light intensity and 
quality, soil fertility, etc., also influ- 
ence earliness and they must be taken 
into account. However, temperature 
and the photoperiod appear to be the 
two major environmental factors which 
at present warrant concentrated effort 
in studies on earliness. 

When sexual reproduction is accele- 
rated very rapidly the yield of seed 
per plant is reduced owing to a reduc- 
tion in the number of tillers and in 


the number of fertile florets per head. 
However, yields have been less when 
extreme earliness is induced in plants 
from germinated seeds chilled in the 
dark than when the plants were grown 
under suitable conditions of light and 
temperature during the initial growth 
phase. 

Harvest Queen plants from seeds 
chilled for 40 days in darkness and 
grown with uninterrupted light at 
summer temperatures headed 89 days 
from the time the seed started to soak. 
This is the most rapid completion of 
the life cycle yet obtained in Harvest 
Queen winter wheat from chilled ger- 
minated seed. However, only 10 to 30 
seeds per plant were produced. 

Yields of 75 seeds per plant have 
been obtained in Harvest Queen when 
heading took place 88 days from the 
time the seed started to soak and when 
the seedlings and plants were grown 
according to the following schedule of 
temperatures, photoperiods, and times: 


70 to 75° F. on moist filter paper for 
two days to start germination. 

50° F. for 36 days with a photoperiod 
of eight hours in culture chamber. 

60° F. for 18 days with a photoperiod 
of eight hours in culture chamber. 

70 to 75° F. to end of test with a 
photoperiod of 18 hours in greenhouse. 


These plants actually headed earlier 
than those from chilled seed and it is 
likely that still earlier heading is pos- 
sible without reducing the yield to 30 
seeds per plant. 

Harvest Queen plants from chilled 


period of germination and the chilling treatment. 


it is being chilled 


Seed should be stirred several times while 


Smaller quantities of seed are handled in Mason fruit jars or in bottles throughout the 


soaking and chilling treatment. 


These containers should not be completely airtight and the 


moisture content of the seed should be watched to avoid undue loss of moisture during the 


chilling treatment. 
rapidly than others at low temperatures. 
freed from some of the water. 


Some varieties and some lots of seed of the same variety germinate more 
If germination proceeds too fast the seed should be 


If germinated seed is to be drilled the plumules should not exceed one-thirty-second to one- 
sixteenth of an inch in length. Vi igorous seeds with plumules one-sixteenth of an inch long 
can be dried and held for a short time if necessary, but if germination proceeds beyond this 
range irregularities and reduction in stand may result. When the plumules are broken further 


development is prevented in nearly all cases. 


Seeds 12 days from fertilization have reacted to the ~ s treatment as efficiently as 


mature seeds. 


Immature seeds are first germinated near 60° 
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- 
Sol 6009 | 160] 126)*118] 145] 134] 177 | 170 | 177 
Hybrid "x" 125] 123] 115] 133 | 156 | 153 | 186 


EFFECT OF TEMPERATURE AND LIGHT 


Figure 1 


Combined graphs and table showing the influence of initial temperatures and of various 
lengths of the daily photoperiod on the expression of earliness in different varieties of wheat 
when all were subsequently allowed to grow at temperatures averaging above 70° F. with 16 
to 17 hours of light daily. Seed was germinated but not chilled before sowing. The first 
seeding was made October 21, 1931. 

Explanation of graphs—Mean temperatures are represented by the curves. The length of 
the daily photoperiods are indicated by the construction of the curve lines as shown in the 
figure legend. 

In graph I sowings were made 102, 67 and 33 days before the plants were subjected to 
high temperatures and long days. In graph II sowings were made on one date only. Sixty 
days after sowing the experiment was divided into three parts, each part being subjected to 
the temperatures and photoperiods indicated. All parts received the high temperatures and 
long days 128 days after sowing. The broken line (h) is separated from line (H) 
to show that two photoperiods were maintained. Line (H) represents the true mean tem- 
perature of line (h). 

Explanation of tabulated data—The alphabetical symbols in the column refer to the same 
letters on the graphs. These headings denote the temperature and photoperiodic curves during 
the period of the experiment for the plants that headed at the times in days listed in the 
columns. The number of days required for heading were calculated from the time of plant- 
ing. The asterisks indicate the earliest heading date for each variety or hybrid. 


germinated seeds will yield 75 seeds 
if grown at 70 to 75° F. with a daily 
photoperiod of 16 to 18 hours. How- 
ever, 100 or more days are required 
for plants to head when computing 
time from the beginning of the soak- 
ing process. 

Varieties show wide differences in 
their earliness reactions when the 
plants receive light daily during the 


period of low temperature. The tests 
cited in Figure 1 were conducted out- 
doors and in a greenhouse during the 
autumn and winter in order to test 
natural conditions. 

It will be noted in Figure 1 that 
Red Winter spelt was the only varie- 
ty to head earliest when grown at the 
higher temperatures throughout the 
life cycle, although heading was re- 
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tarded only two days when exposed 
to a mean temperature of 57° F. for 
33 days. Other tests indicate that 
earliness in Red Winter spelt is fa- 
vored by a relatively short duration of 
low temperature* in the seedling stage. 
Purpluestraw, a facultative variety, 
and Currell, a winter variety, were 
earliest when held near the 57° F. 
mean for 33 days. Harvest Queen, 
Turkey (C. I. No. 1558), Turkey (C. I. 
No. 6175), Minhardi, and Sol winter 
wheats all headed earliest when ex- 
posed to the 57° F. mean for 67 days. 
Hybrid “X” was the only type in the 
series in which early heading was 
favored by exposure to the lower tem- 
peratures of the outdoors, and this 
relationship has been maintained in 
later tests. This wheat has been one 
of the earliest at the Arlington farm 
and even though it has been favored 
by the lowest temperature yet encoun- 
tered in the present work, its stem 
elongates phenomenally fast after the 
plants are exposed to the high tem- 
peratures and to a long photoperiod. 

Exposure to the lowest temperature 
did not produce earlier heading in 
Minhardi than did the mean tempera- 
ture of 57° F., although Minhardi is 
outstandingly resistant to low tem- 
peratures lethal to the majority of 
winter wheats, these temperatures 
seem not to benefit earliness. A simi- 
lar relationship seems to obtain in 
Buffum 17, another very hardy wheat. 

It will be noted in Figure 1 that 
none of the exposures exceeding 67 
days favored early heading in any of 
the varieties, nor was heading has- 
tened by exposure in chambers to a 
mean of 24° F. 

The data in Table II suggest that 
Minhardi, Sol and Currell have rela- 
tively greater low-temperature require- 
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ments for earliness than do the data 
in Figure 1. It is believed these ap- 
parent inconsistencies can be explained 
on the basis that 30 to 35° F. is too 
far below the optimum in the case of 
these varieties as indicated for Sol and 
Currell in Table 1.7 

Although varieties of winter wheat 
differ in their temperature and length- 
of-day requirements for earliness, tests 
indicate that all the winter varieties 
tested complete their life cycles quite 
rapidly and produce good yields of 
seed when grown near 45 to 50° F. 
with a daily photoperiod of 8 to 10 
hours for 43 days followed by tem- 
peratures near 70 to 75° F. with a 
daily photoperiod of 16 to 18 hours. 

Exposure of 20 days to the low 
temperatures and short days has been 
satisfactory for the facultative variet- 
ies. 

It will be observed in the tabular 
matter in Figure 1 that certain varie- 
ties and Hybrid “X” reversed their 
relative order of heading, as for ex- 
ample, Red Winter spelt and Purple- 
straw; Harvest Queen and Hybrid 
“X”; Minhardi and Hybrid “X”. Re- 
versals in the order of heading occur 
also among certain spring wheats such 
as Bunyip and Prelude. When the 
daily photoperiod was varied and tem- 
peratures were maintained near 70 to 
75° F. the order of heading was as 
follows: Bunyip, 53 days earlier with 
an 8-hour day, and 16 days earlier 
with an 1l-hour day. Heading was 
simultaneous in a 16-hour day. Pre- 
lude was 15 days earlier than Bunyip 
in continuous light. The order of 
heading in these varieties was reversed 
in the field at different stations; the 
phenomenon has been observed in 
other varieties by several workers in 
different parts of the world. Reversals 


*In this paper 70° F. is taken as the dividing point in the range between low temperature 


and high temperature. 


7It is not implied that the data in Figure 1 represent the exact relative temperature re- 


quirements during the initial growth phase of the varieties listed. 


The exact relationships can 


be determined only when tests include a larger number of temperatures and times of exposure 


to these temperatures. 
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seem to be tied up to a large extent 
with differences in the environment- 
response characteristics of the growth 
phases of the varieties. 

Earliness characteristics of wheat 
varieties have been studied by several 
investigators in date-of-seeding ex- 
periments. By this method the effect 
of the total environmental complex is 
determined for different periods of the 
season or for the entire year. From 
such studies Lysenko* devised a for- 
mula by which he attempts to pre- 
dict the heading date of a_ given 
variety when sown at any given time. 
However, since he considers that tem- 
perature is the controlling environ- 
mental factor in determining earliness, 
his formula can apply only to regions 
near the same latitude. To have wide 
application his formula should include 
factors for the influence of light. 
Date-of-seeding tests have value in 
making the first general comparisons 
between varieties and serve as the 
starting point for more detailed stud- 
ies to determine the relative influence 
of the several factors in the environ- 
ment. 


Plant Characteristics Concerned in 
Earliness 


Earliness of sexual reproduction ap- 
pears to depend on the interrelation of 
several characters, each of which may 
be measured when suitable methods 
are developed. It seems reasonable to 
believe that the study of these char- 
acters separately and in suitable com- 
binations should aid in furthering an 
understanding of earliness. 

Under the conditions of the writer’s 
tests the stems did not elongate ap- 
preciably while primordial leaves and 
internodes were forming. Therefore 
it is expected that rapid elongation of 
the stem will be delayed as the number 
of internodes per culm is increased. 
When grown with continuous light 
and also with 16 hours of light daily 
the spring wheats that produced the 
fewest internodes headed much earlier 
than those which produced the great- 
est number as shown in Table III. 
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relationship between internode 
number and earliness is reversed in 
some varieties that differ but slightly 
in internode number. Also Prelude 
and Early Defiance grown in continu- 
ous light and with a 16-hour day 
headed several days apart, though 
each produced the same number of 
internodes per culm. 


These apparent inconsistencies seem 
to be due to other characters that in- 
fluence earliness. Preliminary tests 
suggest that varieties have different 
growth-rate characteristics when 
growing under optimum conditions for 
the earliest sexual reproduction. For 
example, the growth rate of the stem 
of Prelude was double that of Kinney 
wheat when both were grown near 70 
to 75° F. with continuous light. 

It will be observed in Table III 
that environmental conditions tending 
to favor earliness tend also to favor 
a reduced number of internodes per 
culm, though it is clearly evident that 
several varieties that were earlier in 
continuous light than they were in the 
16-hour day showed no change in the 
number of internodes under these 
light conditions. Also Bunyip, in the 
8-hour day, produced 14 internodes, 
whereas Prelude produced only 11, yet 
Bunyip headed much earlier than Pre- 
lude. This relationship seems to be 
due very largely to extreme retarda- 
tion in the growth rate of the apical 
stem internode (peduncle) of Prelude. 
When grown near 70 to 75° F. with an 
8-hour day, stem elongation started a 
week earlier in Prelude than in Bun- 
yip. The flag leaf of Prelude extruded 
completely, but the apical internode 
elongated much more slowly than the 
lower ones and as a result Bunyip was 
in full head 53 days before Prelude. 
Examination of Prelude at the time 
Bunyip headed showed that its apical 
internode was less than one-eighth of 
an inch long and the head but one- 
half of an inch long. 

While the present studies have not 
dealt with exact temperature optima 
for the earliest sexual reproduction it 
seems evident from the data presented 
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that the temperature requirement for 
the most rapid completion of one 
growth phase or group of growth 
phases is not necessarily the same for 
another phase or group of phases of 
the same plant; also that the tempera- 
ture requirement of a given growth 
phase or group of phases is not the 
same for all varieties. It seems rea- 
sonable to believe that these tempera- 
ture-response characteristics of the 
growth phases are determined by in- 
ternal mechanisms which constitute 
genetic characters, the inheritance of 
which seems to be more or less inde- 
pendent in the several growth phases 


of the plant. What has been said 
for temperature-response characteristics 
seems also to apply to the photoperiodic- 
response characteristics in winter 
wheats, but uninterrupted light seems 
to be optimum for the most rapid com- 
pletion of all growth phases in some 
of the spring wheats. 

Although these environmental-re- 
sponse mechanisms cannot be mea- 
sured directly at the present time, it 
appears that they may be measured in- 
directly in terms of internode number, 
growth rate, and finally in time of 
sexual reproduction over a range of 
temperature and light conditions. 


TABLE I11.—Number of internodes per culm in spring wheats in relation to the time of heading in days. 


emperatures and length of daily photoperiod 
Variety 57 t093°F, b 70to 75°F 
24 hours lo hours 12 hours 8 hours 
No. [Daysjlio. Days}No. Days 
Prelude 5 32 5 32 5 43} ll 140 
Early Defiance 5 3o 5 43 7 GEE cccel cvce 
Reward 6 33 6 39 6 531 13 104 
Quality 6 39 6 40 9 591 13 105 
Haynes 3luestem 6 39 6 4S] 
Marquis 6 39 6 47] wccccheoccey 17 170 
Hard Federation 6 39 8 14 142 
Rink 6 40 6 43 eeeee eenre 
Fumpback 6 41 6 SOF 16 179 
Hope 6 43 6 47 eeee eeere eeeee 
Sonora 6 46 14 154 
Bunyip 7 43 7 14 87 
Baart 7 46 7 435i cccccheocce 12 148 
Barnatka 7 48 8 GSE ccccchoces 14 138 
Touse 8 49 9 67 eeoeeeheseeboeseeheccese 
Sevier 8 50 10 17 165 
Feceration 8 57 9 76] cocccheccece 14 144 
Bluechaff 8 67 lo 83 
New Zealand 9 53 iv 201 
Kinney lo 62 lo 18 181 
Pacific Bluestem 10 65 9 
Jenkin Club 1l 81 13 94 eeeeeleeereleeeseheesese 


Note: The number of internodes was determined by an accurate count of all the leaves, not includ- 
ing the coleoptile, on the primary stalk. The leaves were carefully marked during the process of growth 
to avoid errors in counting. 

® Grown outdoors during wmidsummer. 

> Grown in a greenhouse during the autumn, winter, and spring. Temperatures sometimes went 
above 75° F. on bright days. 
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Discussion and Conclusions 


Important information on earliness 
in sexual reproduction can be obtained 
in many wheat varieties by dividing 
the life cycle of the plant into, but 
two major growth phases and by de- 
termining their environmental charac- 
teristics. It seems likely, however, 
that a better understanding of earli- 
ness will result when the environ- 
mental characteristics are determined 
for a greater number of growth 
phases. Observations suggest that 
germination, the appearance of each 
of the leaves and the head, fertiliza- 
tion, and seed development may be 
considered roughly as indicators of 
the growth phases. 

From the studies on seasonal growth 
habit it appears that wheat varieties 
should be classed for this characteris- 
tic largely on the basis of their respec- 
tive optimum temperature and length- 
of-day requirements for the earliest 
sexual reproduction possible in the 
variety. The terms “winter” and 
“spring” are used from the equator 
to the southern and northern limits 
of wheat culture and therefore do not 
represent definite temperatures or 
lengths of the daily photoperiod. They 
are relative terms and their value is 
largely provincial. 

The typical spring wheats have 
relatively high-temperature and long- 
daylight optima during their entire 
life cycle, whereas the typical winter 
wheats have low-temperature and short- 
daylight optima during the initial growth 
phase and relatively high-temperature 
and long-daylight optima in the subse- 
quent phases with respect to earliness. 
The low-temperature requirements of 
the initial growth phase of the winter 
group with an exposure of 43 days 
and with a day eight to ten hours 
long appears to range from near 38 
to 60° F. 

A winter wheat when sown in the 
spring in most spring-wheat areas 
does not receive optimum temperature 
and light conditions during its initial 
growth phase, thus causing a degree 
of lateness which prevents heading or 
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seed production before winter sets in. 
However, if the season were sufficient- 
ly long, and the temperatures not too 
high, such plants should produce seed 
even though the plants received no 
low temperatures or short days dur- 
their intial growth phase. This has 
been demonstrated by bringing such 
plants into the greenhouse in_ the 
late summer and by continuous cul- 
ture in the greenhouse. On account 
of these relationships it is concluded 
that seasonal growth habit is a phase 
of earliness and lateness. 

In addition to the low-temperature 
requirements of winter wheats for 
earliness, this group also differs from 
the spring group in resistance to sub- 
freezing temperatures during the win- 
ter. There is no evidence, however, 
indicating that the exceedingly low tem- 
peratures which such vareties as Min- 
hardi can survive are of specific value 
in stimulating earliness. 

On the basis of the extreme reversals 
in the order of heading in certain pairs 
of varieties when grown in different 
environments, for example Bunyip and 
Prelude, it is concluded that segregating 
populations from certain parent crosses 
will not give constant segregating ratios 
for earliness under all conditions of 
temperature and day length. This is 
also to be expected on the basis of the 
conclusion that earliness is influenced 
by several characters. It is concluded, 
therefore, that populations which are 
segregating for earliness and lateness 
should be tested and classified as far 
as practicable under several suitable con- 
ditions of temperature and day length. 
This should facilitate the selection of 
genotypes homozygous for the several 
characters influencing earliness and 
lateness. Such types will have far 
greater value than most of the exist- 
ing types for making detailed geneti- 
cal, environmental, and biochemical 
studies and interpretations. 


Summary 


Sexual reproduction can be greatly 
accelerated in winter wheats by first 
subjecting the slightly germinated 
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seeds to low temperatures (near freez- 
ing) in the dark for 50 to 65 days 
before sowing. When so treated win- 
ter wheats sown in the field in the 
spring will behave as spring wheats. 
The principles of this method were 
reported from Ohio in 1858. 

By chilling germinated seeds pre- 
paratory to planting at higher grow- 
ing temperatures in a long day, it is 
possible for the experimenter to ob- 
tain two or more crops of winter 
wheat in a year, depending on the 
variety. 

Seasonal growth habit in wheat is 
considered an aspect of earliness and 
lateness. So far as earliness is con- 
cerned the winter varieties have low- 
temperature and short-day optima dur- 
ing the initial growth phase, whereas 
spring varieties have optima at the 
higher temperatures and the longer 
photoperiods. 

Earliness and lateness of sexual re- 
production appear to depend on the 
interrelation of several characters, as 
the number of internodes per culm, 
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the growth rate of the internodes, the 
duration of the elongation of the in- 
ternodes, and environmental-response 
characters which influence the expres- 
sion of these several characters. 


Literature Cited 


1. Garner, W. W., and Atrarp, H. A. 

Effect of the relative length of day and 
night and other factors of the environment 
on growth and reproduction in plants. Jour. 
Res. 18:553-606, illust. 1920. 
2. Garner, W. W., and Atrarp, H. A. 
Further studies in photoperiodism, the re- 
sponse of the plant to relative length of day 
and night. Jour. Agr. Res. 23:871-920, illus. 
1932. 

3. Kurppart, Joun H. Ann. Rept. Ohio 
State Bd. of Agr. for 1857, p. 757. 1858. 

4. Lysenxo, T. A. A study of the ef- 
fect of the thermic factor upon the duration 
of development stages of plants. Azerbaijan 
Plantbreeding Sta. Bul. No. 3, p. 169, 1928 
[English summary]. 

5. McKinney, H. H. 
23 :796, 1923. 

6. McKryney, H. H., and Sanpo, W. J. 
Science 71:668-670. 1930. 

Wawnser, H. M. Photoperiodism of 
wheat, a determining factor in acclimatiza- 
tion. Science 56:313-315. 1922. 


Jour. Agr. Res. 


Endocrinology and Eugenics 


ENDOCRINE MEDICINE by Wittram 
M.D., F.A.C.P., B.S. MS., 
D.Sc., with a foreword by Lewellys F. 
Barker. Three volumes and an index vol- 
1900 pages; 933 illustrations, $35.00. 


ume. 
Charles C. Thomas, Springfield, Ill, and 
Baltimore, 1932. 

HESE noteworthy volumes are 


frankly intended for the medical 
profession, and indeed for a new, rap- 
idly advancing and difficult aspect of 
medicine. On this the main purpose of 
the work the present reviewer begs a 
silence which will accord with his in- 
competence. But an examination of 
these books indicates that, whatever 


their contribution to medicine may be, 
they also have an interest for the biol- 
ogist, psychologist and anthropologist. 
This interest attaches particularly to 
the first volume, entitled General Con- 
siderations. 


Each of the few previous attempts to 
master and summarize for others the 
anatomy and physiology of the endoc- 
rine organs has been gratefully received 
by a fast-growing group of endocrinol- 
ogists. Because of the enormous num- 
ber and variety of current yearly con- 
tributions to this subject it has been 
suspected that perhaps it is no longer 
possible for a single individual to ac- 
complish a comprehensive summary of 
this field. To meet this difficulty, in 
the preparation of several chapters Dr. 
Engelbach has enlisted a certain amount 
of proof-reading and other aid from 
a number of specialists. The problem 
is further simplified in that the “en- 
docrine triad represented by the sup- 
rarenal medulla, the pancreas and liver” 
is but little considered in the work, 
this having been reserved for a later 
volume. Again, sympathin and one or 
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two other hormones are of too recent 
record to permit their inclusion even 
in this newly published work. 

The endocrinologist will profit by the 
factual surveys given in many chapters. 
Inevitably also he will find numerous 
omissions and minor errors. The ex- 
perimental work of recent years on the 
hormones of the ovary and anterior 
pituitary is better and more fully pre- 
sented than is that dealing with the 
other hormones. The hormones of the 
anterior pituitary are of course gradu- 
ally coming into clinical use. The re- 
viewer thinks that current work is 
proving that nearly all past and present 
anterior lobe preparations contain hith- 
erto unsuspected admixtures of various 
effective principles, and that further 
animal experimentation should and will 
lead sooner or later to safer and purer 
preparations than are now available. 

During several years Dr. Engelbach 
has conducted careful and important 
studies in anthropometry, convinced 
that “the basis for an endocrinic inter- 
pretation depends upon an established 
normal anatomic development.” Chapter 
VII, Anthropometry, contains new data 
and considerations which should prove 
useful to anthropologists and students 
of growth. The author here states: 

The purport of this chapter is to define 
the normal yearly limitation of seven meas- 
urements, height, span, upper, lower, and 
circumference of the head, chest, and ab- 
domen, and the weights in both sexes from 
birth to the age of twenty. These have been 
determined for each month during the second 
year, and at six-month intervals throughout 
the succeeding years to the adult age. With 
the exception of the circumference of the 
chest and abdomen, the measurements esti- 
mated do not normally change after com- 
pleted epiphysical ossification at eighteen 
(female) and twenty (male). The normal 


of Heredity 


variations of weight for each year from the 
age of twenty to sixty are appended. These 
estimations revise and supersede those given 
in previous publications. 


The concluding chapter of Volume I 
points a significant contact of endocrine 
medicine with eugenics. We quote: 


Endocrinic interpretation affects certain 
tenets of eugenics which are, as yet, neither 
established nor universally accepted. . . . The 
moral right (to prevent propagation) as ex- 
pounded by eugenic propaganda, necessitates 
thoughtful endocrinic observation before such 
principles can be advocated which deny the 
individual the right of reproduction. Abso- 
lute diagnosis of the severity and incurability 
of his defectiveness must be given the great- 
est consideration. For example, the psy- 
chiatric diagnosis of imbecility, idiocy, and 
moronism, is made upon the degree and not 
the cause of the individual’s mental retarda- 
tion. Some of these are due to endocrine 
deficiency which, if diagnosed and adequately 
treated at an early age, could be so altered 
as to result in an individual whose propaga- 
tion might be desirable. . . . Without depreciat- 
ing the value of the eugenic principles of 
prevention, the writer believes that recent 
developments in endocrinology should most 
certainly modify some of its advocated pro- 
cedures. By treatment of remediable endoc- 
rinopathies and the interruption of the trans- 
mission of these defects the legal right of 
procreation might be conserved. 

In this reference to “the interruption 
of the transmission of these defects” 
the reader will understand that the 
author is thinking of no change what- 
ever in the gene or genes underlying 
such a defective characteristic—but of 
our present ability to supply the specific 
missing element of the (endocrine) 
environment and thus achieve the nor- 
mal characteristic. 

The fourth volume contains a bibliog- 
raphy in addition to an index of authors 


and an index of subjects. 
Oscar 


Cold Spring Harbor, N. Y. 
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ALLELOMORPHISM OF SILVER AND 
SIAMESE COAT VARIATIONS IN 
THE DOMESTIC CAT 


Crype E. and Vircinia Cops 
Howe Laboratory and the Boston Cat Club 


OMPLETELY albinotic indi- 
viduals have been found occa- 
sionally in many mammals in- 

cluding man. In all species which 
have been subjected to genetic an- 
alysis albinism behaves as a simple 
recessive Mendelizing unit-character. 
In the rabbit, guinea-pig and mouse 
there are two dilutions intermediate 
between normal intensity (Figure 24) 
and albinism (Figure 3))) known in the 
rabbit as Chinchilla (Figure 2B) and 
Himalayan (Figure 3C). The Chin- 
chilla coat is almost devoid of yellow 
pigment, but retains much of the 
black. The Himalayan has a_ white 
body, but pigmented nose, ears, feet 
and tail. The pigmented points are 
slightly diluted and the eyes are pink. 
When crossed to normal intensity 
Chinchilla and Himalayan, like true 
albinism, disappear in the hybrids as 
expected of simple Mendelian reces- 
sives. Chinchilla-Himalayan hybrids 
are, on the contrary, true Chinchillas 
instead of being of normal intensity, 
which fact proves the allelomorphic 
nature of their determining genes. 

Superficially, silver of the cat (Fig- 
ure 2F) resembles chinchilla of the 
rabbit (Figure 2B). Likewise, Siamese 
of the cat (Figure 3/7) suggests Hima- 
layan of the rabbit (Figure 3C) as 
was pointed out by Bateson. 

We have no indisputable record of 
complete albinism in the cat, and if it 
exists at all, it may possibly be con- 
fused with dominant blue-eyed white. 
Yet these resemblances to the inter- 
mediate forms of rabbit, guinea-pig 


and mouse suggest that the albino 
series of allelomorphic genes may be 
represented in the cat both by silver 
and Siamese. 

In attacking this problem it was 
first necessary to determine whether 
silver and Siamese of the cat are re- 
cessive unit-characters, as they are 
in other forms. The meager data 
recorded in the literature for Siamese 
crosses are confusing as has _ been 
shown by Bamber. That Siamese is 
a character recessive to normal in- 
tensity is suggested by our mating 
of a Black Persian male and a Sia- 
mese female. Three black male kit- 
tens were produced, one of which is 
shown in Figure 3/. Miss Doris Bry- 
ant has collected records of the prog- 
eny of Siamese females mated to alley 
cats (presumably of normal inten- 
sity). These show the production of 
16 kittens all developing full intensity 
of pigmentation, which confirms the 
supposition that Siamese behaves re- 
cessively to normal intensity. 

The results of controlled Persian 
matings under our own observation 
justify the conclusion that silver, also, 
is a recessive unit-character. Most of 
our matings were made using “smoke” 
(Figure 2G) which is merely due to the 
silver gene in combination with the 
non-tabby instead of the tabby gene. 

Gene symbols employed in our an- 
alysis are as follows: 

T = tabby, t = non-tabby 
C = full color, c® = silver, c# = Siamese 
L=short hair, / = Persian 

Records for smoke matings are 

shown below: 


Smoke Persian X Brown Tabby Persian = 4 Brown tabby Persian 


(ttc*ceh]]) (TTCCIH) (TtCe“ll) 
Smoke Persian *& Black Persian = 5 Black Persiar 
(#CCll) (Cell) 
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Cat photographs by Edwin Gray 
COLOR-GENES OF RABBITS AND CATS 
Figure 2 

The albino series of alternative (allelomorphic) genes includes in the rabbit two inter- 
mediate dilutions between normal color (4) and albino (D); namely, chinchilla (B) and 
Himalayan (C). In the cat our evidence shows that silver (/) and Siamese (H) color 
patterns constitute a similar allelomorphic series. True albinism is not known in the cat. 
(G) is “smoke” cat, produced by combining silver and the non-tabby gene. (J) is a short 
haired silver tabby produced by mating silver tabby with Siamese and (J) is one of three 
offspring produced by mating a black Persian male cat and a Siamese female, showing the 

recessive nature of the Siamese pattern. 


“Smoke” Matings (Continued) 
Black Persian (hybrid for smoke) X& Black Persian = 12 Black Persian 


(#tCCll) (#CCH + ttCe**ll) 
Black Persian (hybrid for smoke) & Black Persian (hybrid for smoke) = 5 Black Persian 


+ 1 Smoke Persian 


Black Persian (hybrid for smoke) » Smoke Persian = 5 Black Persian 
(ttCc**ll) (ttc*ceh}]) (ttCcll) 
+ 6 Smoke Persian 


Keeler and Cobb: Coat Color in the Cat 
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HIMALAYAN RABBITS AND SIAMESE CATS 


Figure 3 


See legend under Figure 2. 


“Smoke” Matings (Continued) 
Smoke Persian & Smoke Persian = 15 Smoke Persian 


( 


If Silver and Siamese are indepen- 
dent unit-characters, a cross between 
animals bearing them should produce 
offspring of normal intensity, but if 
allelomorphic the offspring should be 
silvers. 

We crossed a Siamese female with 
a silver Persian male. There were 
produced three silver tabby short- 
hair kittens (Figure 3/) according to 
the formula: 


Silver Persian «K Siamese = 
(TT ) 


(ttcHcHLL) 


(ttc*cehl]) 


(ttc*cel]) 


It was suggested to us by Prof. P. 
W. Whiting that in the above cross 
the silver gene (c) might behave as a 
dominant in the presence of the tabby 
gene (7). Although we had observed 
a litter of hybrids bearing normal in- 
tensity (mentioned above) in which c™ 
came into the cross from one parent 
and T from the other (Figure 2E) we 
decided to repeat the cross employing 


3 Silver tabby short-hair 


a 
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non-tabby animals. Accordingly, we 
mated a Siamese female to a Smoke 
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Persian male. Seven short-hair smoke 
kittens were produced: 


Smoke Persian X Siamese = 7 smoke short-hair 


At birth six showed very definite’ sil- 
vering on all parts of the body, whereas 
the seventh was darker than the rest 
and gave evidence of the silver factor 
only upon the appendanges and about 
the eyes. 

Thus, it is evident that silver and 
Siamese of the domestic cat are due to 
allewomorphic genes, corresponding re- 


(ttcHcHLL) 


(ttcecHL1) 


spectively to the Chinchilla and Himala- 
yan members of the albino series in 
other mammals. 
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China’s Economics 


CHINA TODAY: ECONOMIC, by J. 
B. Conpuirre. Pp. 188+ appendix of tabular 
data. World Peace Foundation, 40 Mount 
Vernon Street, Boston, 1932. 

R. CONDLIFFE’S several years’ 

experience as Secretary of the 
Institute of Pacific Relations and his 
later contact with the League of Na- 
tions in preparing its IVorld Economic 
Survey has given him an unusual op- 
portunity for study of economic condi- 
tions in the Far East. 

China Today is a review of econ- 
omic conditions and possibilities of that 
great people whose present number is 
variously estimated to be from 325 mil- 
lions to 474 millions, and whose future 
prosperity is surely related to that of 
the rest of the world. In the first two 
chapters the author critically reviews 
the contradictory evidence regarding 
population and agricultural resources 
and concludes that the population has 
almost reached its economic limit, there- 


by providing the basic foundation for 
most of China’s problems of today, in- 
cluding war lords, poverty and bandits. 
Succeeding chapters deal with Agricul- 
tural Reorganization, Growth of Towns 
and Urban Industry, Public Finances, 
Banking and Currency Reform, and 
Foreign Trade. Sources of informa- 
tion, both old and new, have been thor- 
oughly sought out and citations of ref- 
erences are abundant in the footnotes. 
The author’s crystallization and inter- 
pretation of a great mass of evidence 
is admirably done. Eleven tables of 
tabulated matter, compiled from various 
sources, are included in a useful ap- 
pendix. 

This book should be very helpful in 
promoting, at this critical time, a better 
understanding among people of the 
Western World, of the problems of the 


China of today. 
C. H. Myers. 
Cornell University. 


Eugenics for Everybody 


ERBBIOLOGISCHER UND EUGEN- 
ISCHER WEGWEISER FUR  JEDER- 
MANN, by Konrap Durre. Pp. 95. Alfred 
Metzner Verlag, Berlin. 1932. 

HIS “everyman’s guide to hered- 
ity and eugenics” adopts an op- 
timistic tone and supports it by refer- 
ence to the spread of knowledge con- 
cerning eugenics in Germany since the 


war It is of interest to find the au- 
thor complaining that Protestant 
churches are lagging behind the Cath- 
olic in their interest in this subject. 
The book touches on a wide variety 
of topics, and is sensible in its com- 


ments. 
Paut PopeENoe. 
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A LINEBREEDING PROGRAM FOR 
HORSE BREEDING 


P. B. Pearson anp Jay L. 
Iowa State College* 


REEDERS have often made 
B plans for linebreeding so as to 

keep a future herd closely re- 
lated to a highly esteemed animal while 
avoiding all close breeding not neces- 
sary for that purpose. Rarely has such 
a plan actually been followed without 
material change for more than a gen- 
eration or two. The writers recently 
studied the pedigrees of a stud of Bel- 
gian horses where such a definite plan 
has been followed without deviation 
for about fifteen years. 

Mr. C. G. Good of Ogden, Iowa, has 
bred draft horses for many years, hav- 
ing bought his first purebreds in 1902. 
At first he bred Percherons then both 
Percherons and Belgians, but since 
1914 he has bred only Belgians. About 
1915 or soon afterward he became con- 
vinced that the Belgian stallion Far- 
ceur, 7332, had more desirable inherit- 
ance than any other animal in the 
breed. He reached this conclusion not 
alone because of Farceur’s individuality 
(although Farceur had won some prizes 
in the show-ring, including the Grand 
Championship at the International at 
Chicago in 1913) but mainly because 
Farceur’s sons and daughters had been 
winning in the show-ring more than 
the colts by any other stallion. He 
never went so far as to believe that 
Farceur was perfect, but he did think 
(and still does) that considering indi- 
viduality and progeny together, Farceur 
was nearer the ideal than any other 
Belgian of his generation. 

Mr. Good purchased Farceur in 1917 
for $47,500, the record price in Amer- 
ica for a draft horse. Immediately 
he embarked on a breeding plan orig- 
inally evolved out of his youthful ex- 
periences in the breeding and showing 
of chickens. 


This plan was to use Farceur as 
long as he lived, not, however, mating 
him to his own daughters. The two 
best sons of Farceur were to be saved 
for use on Farceur’s daughters. One 
son of each of these stallions would be 
saved for use in the next generation 
but would be used on the daughters of 
the other stallion and not on his own 
half-sisters. Each of these stallions 
would in turn be followed by a son 
which would be used on the daughters 
of the other stallion. No animals 
would be added from outside the herd 
unless they already carried “50% of 
the blood” of Farceur. Thus the plan 
called for a stud ultimately closed to 
outside blood, with every animal in it 
containing 50% of the blood of Farceur 
but with inbreeding avoided as far as 
could be done in a closed population 
having only two sires in service at any 
one time. Mr. Good’s aim was to keep 
all his horses for many generations into 
the future as nearly like Farceur as if 
they were sons and daughters. He 
recognized that in the initial mating of 
half-brother and sister (Farceur’s two 
sons to Farceur’s daughters) there was 
some risk of undesirable results. How- 
ever he believed that, if the results of 
those matings were satisfactory, there 
would be practically no inbreeding risk 
in subsequent generations because there 
would be no more matings between 
half-brothers and sisters. 

Figure 6 shows how the pedigree of 
the herd would appear for several gen- 
erations under such a plan, omitting 
such complications as overlapping of 
generations, several offspring being 
saved out of some of the females, and 
unequal use of the two contemporary 
stallions. 

The inbreeding first appears in the 


*Journal Paper No. B62 of the Iowa Agricultural Experiment Station, Ames, Iowa. 
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FARCEUR IN HIS PRIME 
Figure 4 
Rated by judges as a good individual and the sire of many prize-winning offspring. 
By an ingenious breeding system the attempt is being made to multiply his descendants with- 
out decreasing the proportion of his blood, even many generations in the future. 


second generation (double grandsons 
and double granddaughters of Farceur ) 
and then remains at that level for an- 
other generation. All the inbreeding in 
the second and third generations comes 
from Farceur himself and its danger de- 
pends not only on its intensity (12.5% ) 
but also on whether Farceur had more 
or less than the usual proportion of un- 
desirable genes which might thus be 
made homozygous. Since he and his 
progeny were highly esteemed, it is 
plausible to assume that he had fewer 
undesirable genes than the average Bel- 
gian horse of his generation. If this is 
the case there was at least a little less 
danger in the second and third genera- 
tions of this plan than there would be 
in similar plans centering around horses 


which were only average individuals. 
Beginning with the fourth generation 
there occurs some inbreeding to Oak- 
dale Farceur and Farceur Supreme. 
With each succeeding generation there 
appears a little inbreeding to additional 
male descendants of Farceur. Since 
all these carry “50% of the blood” of 
Farceur, the genes made homozygous 
by this breeding system will be mostly 
genes carried by Farceur himself. How- 
ever a little of the extra homozygosity 
appearing in the fourth generation 
(3.1% out of the total of 17.2% ) will be 
for genes which originally came from 
the dams of Oakdale Farceur and Far- 
ceur Supreme. As the generations pass 
there will be more homozygosis of 
genes which originally came from the 
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DOUBLE GRANDSONS OF FARCEUR 
Figure 5 
A—Supreme Emblem, born in 1926. A prize-winner in many shows, including a 
championship at the Ak-Sar-Ben show at Omaha. One of the first double grandsons 
of Farceur to be used in the stud. B—O’Resque, born in 1929. A leading prize-winner 
at many important shows of 1932, including a championship at the Ohio State Fair and 
Reserve Championship at the National Belgian Horse Show. A full brother to Marjorie 
and also to J] whose pedigrees are shown in Figure 7. C—Radiant Farceur, first shown 


as a yearling in 1933. 
Show. 
grandsons of Farceur. 


foundation mares whose male descend- 
ants are saved for stallions. However, 
no matter how long the plan continues, 
there will always be more of Farceur’s 
genes brought into homozygosis by the 
breeding system than there will be of 
the genes of all the foundation mares 
added together. Thus it seems legit- 
imate to speak of this as linebreeding 
to Farceur, even though some of the 
homozygosis thus produced will be for 
genes from the foundation mares. 


§ First prize at Iowa State Fair, sixth at National Belgian Horse 
He is a full brother to C in Figure 7. D—Another view of the three double 
Their uniformity is apparent in spite of their difference in age. 


After the third generation a little less 
than a sixteenth of the remaining 
heterozygosity is eliminated in each 
generation. 

The relationship of the herd to Far- 
ceur (Wright's coefficient) will decline 
only slowly as the inbreeding increases. 
Except for the effects of selection and 
chance deviation, half of all the genes 
in the future herd will be from Farceur, 
as long as this breeding system is con- 
tinued. The slight decrease in the rela- 
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MR. GOOD’S BREEDING PLAN 
Figure 6 


Schematic outline of the breeding plan for perpetuating the influence of Farceur without 
close inbreeding. This simplified diagram omits such complications as overlapping of gen- 
erations, one stallion being used more extensively than his contemporary, and the production 
of several colts out of some mares and none out of others. Eventually all the animals in the 
herd would be more closely related, and more alike than ordinary brothers and sisters. 


tionship to Farceur as the generations 
pass merely reflects the increasing num- 
ber of homozygous gene pairs in which 
both genes came from Farceur but were 
not homozygus in Farceur himself. 
With respect to these gene pairs the 
descendents are therefore not exactly 
like Farceur although receiving all their 
inheritance from him. 

We said: “Except for the effects of 
selection. . . .” This is not intended to 
cast any doubt on the existence of such 
effects. But in organisms which mul- 
tiply as slowly as horses do, selection 
by itself cannot be perfectly effective un- 
less directed solely at a very few dom- 
inant genes (perhaps four or five would 
be the limit). When there are more 
genes involved, there are simply not 


enough offspring born to make it cer- 
tain that the breeder can find any which 
contain all the desired genes even in 
the heterozygous condition. When some 
of the genes are recessive, or depend 
on the cooperation of other genes to 
produce any effects, or when the effects 
are obscured by environment, there will 
be many mistakes in selection. Trying 
to retain half of Farceur’s genes among 
his descendants merely by selection, 
while breeding those descendants to un- 
related animals, would be fighting 
against the laws of chance and the halv- 
ing effect of Mendelian segregation—a 
struggle doomed to defeat in the end. 
A breeding system which by itself 
would tend to keep about 50% of the 
genes of Farceur in all the descendants 
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Farceor'’s Margot Margot 
Mable Farceor 


Farceora 


Oakdale 


Farcetta 


Faretta 


Farceor’s Chere 


K 


Farceurette 


Paramount Lulu 


Ls Narjorie Farceur's Civette 
M Qveeen Oakdale 


Supreme Emblem 


/ 
7 Belle 
Supreme 


Lydia 


N Madame Supreme 


THE HERD OF TODAY 
Figure 7 
Colts foaled in 1932 are designated by letters. The foals of 1930 and 1931 are omitted. 
The actual herd differs from the “ideal herd” (Figure 6) in the overlapping of generations 
and in the unequal use of the two sires chosen to head the herd—Oakdale Farceur being 


preferred to Farceur Supreme. 


would work in harmony with the laws 
of chance which operate in Mendelian 
segregation. If that were done selec- 
tion could alter this proportion bit by 
bit, generation after generation, and 
whatever was gained in one generation 
would tend to be preserved in the next. 
This is the essence of linebreeding— 
to stop the diluting effects of outcross- 
ing so as to conserve the desired qual- 
ities of an esteemed ancestor but at the 
same time to keep the intensity of the 
inbreeding mild enough that the effects 
of random survival or elimination of 
the genes from the population will not 
get beyond the control of selection. 
The degree of genetic uniformity of 
the population is one of the important 
consequences of any system of breeding. 


In this case all of the first generation 
are half brothers and sisters. In the 
second and later generations there are 
two groups. Those sired by the same 
sire are more closely related to each 
other than they are to their contem- 
poraries sired by the other sire. This 
tendency for the stud to split into two 
families is held in check by the breed- 
ing plan which calls for crossing the 
two incipient families in producing the 
next gerreration. In the fourth genera- 
tion the half brothers and sisters are 
about as nearly like each other as ordi- 
nary full brothers and sisters. In the 
seventh generation even those, which 
must go back to their grandsires to find 
common ancestors, are as nearly alike 
as ordinary full brothers and sisters. 
In the eighth and later generations the 
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whole herd would be distinctly more 
uniform than a group of full brothers 
and sisters. That would be a sight 
worth seeing! 

Figure 7 shows the pedigrees of all 
the colts born in 1932 and indicates how 
far the breeding plan has actually pro- 
gressed in the stud as it is today. Each 
foal is designated by a letter. Oakdale 
Emblem and Supreme Emblem are the 
stallions which will sire next year’s 
colts. 

The actual picture differs from the 
theoretical in several respects. In the 
first place the generations overlap. Sec- 
ondly there is some linebreeding either 
already accomplished or almost certain 
to be accomplished in the near future 
to some of the mares, notably Chere 
and Civette. Thirdly there has been 
a marked preference for the use of 
Oakdale Farceur instead of Farceur 
Supreme wherever the mare to be bred 
was equally related to both of them. 

The 1932 colts may be classified 
roughly as being in the second and 
third generations of the theoretical 
plan. The foundation mares lived so 
long that even among the 1932 colts 
there is one out of a mare with no Far- 
ceur blood and there are two out of 
dams which had only 25% of Farceur’s 
blood. The inbreeding of the 1932 
foals ranges from 0.0 to 18.8% but aver- 
ages 12.8 as compared with an expected 
12.5 for all colts of the second and third 
generations. 

The relationship to Farceur averages 
43.6 instead of the theoretical 47.1. The 
slight difference comes from the reten- 
tion of some of the foundation mares 
after Farceur’s death. This difference 
will grow less as long as the stallions 
used all carry 50% of the blood of Far- 
ceur. 

The present relationships of certain 
ancestors to the 1932 colts and of those 
colts to each other are as follows: 


Relationship of 1932 Foals 
Average Range 
43.6 25.0 to 47.1 
To Oakdale Farceur...... 53.6 29.2 to 63.1 
To Farceur Supreme... 26.9 12.5 to 47.2 
To Supreme Emblem... 34.7 14.7 to 62.5 


of Heredity 


To each other.................. 34.9 17.1 to 55.2 
(ol: eee 18.3 6.4 to 34.4 
Crete 0.0 to 23.6 


Both Oakdale Farceur and Farceur Su- 
preme had been expected to be related 
41.3% to the second and third genera- 
tions under the theoretical plan. Oak- 
dale Farceur died late in 1931. If all 
his daughters are mated to Supreme 
Emblem, Oakdale Farceur’s average re- 
lationship to the herd of the future will 
diminish a little from that shown. 

Several daughters each were saved 
from the mares Chere and Civette. 
Chere is the granddam of both stallions 
which sired the 1932 foals. Hence there 
is already some linebreeding to Chere 
and all future matings will involve a 
little more. She seems destined to 
stand second only to Farceur himself 
among the foundation animals in im- 
portance to the herd as long as this 
plan is followed. Her daughter, Oak- 
dale Girl, and the mares Civette and 
Belle are also almost certain to be per- 
manently important to the herd. One 
colt already is linebred to Belle. The 
other foundation mares, from which 
only daughters were saved, will soon 
lose their importance unless a male des- 
cendant is saved for use as a sire in this 
stud. 

The greater importance of Oakdale 
Farceur than of Farceur Supreme indi- 
cates what will probably in the long 
run prove the biggest difficulty in the 
plan—selection of the best son to fol- 
low each stallion. Such selections must 
usually be made before the stallions 
are thoroughly progeny-tested and in 
some cases before they are even mature. 
If it were practical to run a three-stal- 
lion or, better still, a five-stallion herd, 
the risk of defeating the whole plan by 
making the same mistake in the selec- 
tion of all the stallions used in any one 
generation would be negligible. On 
the other hand, a larger herd would 
slow down the rate of progress in fix- 
ing the desired traits and in building 
uniformity. Perhaps Mr. Good can be 
wise enough in his selections to keep 
control even with a two-sire plan. Cer- 
tainly he has a better chance to do that 


a 
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where he is selecting from among colts 
whose parents and grandparents were 
all owned by him, and even bred by 
him, than if he were to try to select a 
stallion from a herd he had rarely or 
never seen before. 


Success of the System 


Has the merit of the individuals in 
this herd remained the same, increased, 
or decreased as the breeding system 
has developed? There is no indisput- 
able answer to this important question. 
Horsemen disagree about it. Perhaps 
the most purely objective answer is the 
fact that the firm of C. G. Good and 
Son has won the prize for premier 
breeder of Belgians at the Iowa State 
Fair ten times in the twelve years from 
1921 to 1932, and at the National Bel- 
gian Horse Show at Waterloo, Iowa, 
ten or eleven times in the same twelve 
years. These awards are based upon 
the total amount of prize money won 
by horses bred by one man or firm. 
Good and Son’s winning of this award 
is usually based upon their showing 
many young animals all of which do 
fairly well in their classes rather than 
upon winning very large prizes with 
one or a few extraordinarily outstand- 
ing individuals. At the same 24 fairs 
the banner for premier exhibitor of 
Belgian horses has been won by Good 
and Son 23 times. Certainly there is in 
this record no evidence of deterioration. 
Yet it should be remembered that this 
plan is only just coming into its third 
generation. Many of the winnings in 
the remarkable record just cited were 
made on animals of the first and second 
generations. The record may or may 
not continue to be as brilliant as this 
as future generations bred by this plan 
take their place in the show ring. 

Horse breeding is a life-time pro- 
gram. Farceur was purchased in 1917 
and died late in 1921. It is fifteen years 
since the plan was started and yet only 
two of the 1932 foals are purely in the 
third generation. How long will it be 
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before the foals are all of the fourth 
generation? And how long until the 
seventh generation when they will all 
be more alike than ordinary brothers 
and sisters? How many of us will be 
alive to see them then, even if Mr. 
Good and his son do keep the stud to- 
gether and maintain the original plan? 

To geneticists this is an interesting 
case of the conserving effects of a line- 
breeding system balanced against the 
random elimination of genes. Such 
elimination of genes is an inherent con- 
sequence of any closed breeding system 
and is the basis of the well-known in- 
breeding effects. It may take place 
even in the face of selection for certain 
genes that are held to be desirable. The 
conserving effects of the breeding sys- 
tem and the elimination rate in the ab- 
sence of selection can be calculated, but 
who knows how effective selection will 
actually be in modifying those rates? 
The rate of gene elimination in the 
absence of selection is almost inversely 
proportional to the number of stallions 
in use per generation. Probably it could 
be brought completely under the con- 
trol even of faint selection if it were 
practical to keep four, five or even more 
stallions in service at all times. But 
this does not seem practical or profit- 
able at present. Economics and farm 
management impinge on biological 
principles in the actual working out of 
such a plan. 

Perhaps selection in the hands of a 
skilled horseman is effective enough to 
control the situation even in a two sire 
herd. At any rate there is no expense 
for purchasing other breeding stock 
while this plan is in progress. As nearly 
as we can estimate the magnitude of 
the forces involved, this plan seems to 
us worth the serious consideration of 
those breeders who, whether as a result 
of their own good judgment or almost 
purely by chance, have come into the 
possession of a sire which is distinctly 
above the average of its breed in merit. 
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SWISS BODY MEASUREMENTS 


BOUT fifteen years ago Julius 
Klaus of Switzerland died, leav- 

ing a fund to provide for publishing 
a series of original papers on heredity, 
social anthropology, and race hygiene, 
both in the form of monographs and 
in the form of popular articles as pro- 
paganda. In consequence there was 
founded the Archiv of the Julius 
Klaus Foundation for Heredity, Social 
Anthropology and Race Hygiene. It 
is located in Ziirich. To date seven 
or eight volumes have appeared. The 
Foundation and the Archiv have been 
under the direction of Professor Otto 
Schlaginhaufen, many of whose an- 
thropological studies have appeared in 


the Archiv. 


Two of the latest publications have 
come to us. One by Ernest Bieder- 
mann deals with bodily form and 
function of sixteen-year-old students 
of apprentice-schools and_ canton- 
schools of Ziirich. This is a quantita- 
tive study of 400 males, recording such 
things as stature, weight, chest girth, 
shoulder breadth, pelvic breadth and 
arm, thigh and calf girths. Also cer- 
tain indices, or proportions, are com- 
puted, such as the relation of the up- 
per and lower segments of the leg, 
the chest girth in relation to build, the 
breadth of the shoulders and pelvis to 
stature, relation between upper arm 
and thigh, and between pelvic and 
shoulder breadth. On the physiol- 
ogical side are included strength of 
pull and grip, of performance in calis- 
thenics and field sports. Correlations 
are computed between the leg index 
and pull and grip, also between the 
square of chest girth and lung capac- 
ity. The individual measurements made 
on each of these students are printed, 
occupying twelve pages in small type. 


There are some interesting results 
from this study. It appears that ath- 
letes have a better chest girth and 
broader shoulders, but not broader 
pelves than non-athletes; that they are 
stronger in running, jumping and sus- 
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pension, but not quite so strong in 
pull and grip as the non-athletes. 

The merchant apprentices show the 
weakest bodily development, the elec- 
tricians and mechanics occupy a mid- 
dle position, masons and locksmiths 
are the best developed of all. It ap- 
pears that the group with the poorest 
physical development are more suc- 
cessful in running and jumping, while 
the heavy persons of the locksmith 
and mason groups have a good capac- 
ity for pulling and exercising pres- 
sure, but are poor in jumping and 
running. 


Fibulae in Men and Monkeys 

A second paper from Schlaginhauf- 
en’s laboratory and from the Archiv, 
is by Heinrich Sprecher, and has to do 
with the study of the form of the 
fibula in adult humans, in comparison 
with its development in other primates. 
This is a study of 161 pages, some 14 
plates, and a bibliography of three pages, 
on the evolution, the individual develop- 
ment and the general form relations of 
the fibula. 

The fibula, as everybody knows, is 
the smaller of the two bones of the 
lower leg. It might seem that so in- 
conspicuous a could hardly 
justify a publication of 161 pages, but 
this amount of text is relatively small 
when compared with the extraordi- 
narily large monograph which Carl 
Pearson devoted to the femur, or thigh 
bone. 

It appears that in the earlier ver- 
tebrates the fibula was almost equally 
important with the other bone of the 
foreleg, the tibia. In the horse it has 
become a mere splinter, and in cattle 
there is only a trace of it. Sometimes 
it becomes fused to make one piece 
with the tibia, but that is in animals 
of rather limited locomotion. Finally, 
in man and the other primates the 
bone remains with an important func- 
tion, but has become very much re- 
duced, as compared with the other 
bone of the lower leg which carries 
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Fibulae in Men and Monkeys 


the main weight of the body to the 
foot. 

An anthropometric study of the 
fibula requires an unbelievable amount 
of pains. There were six different in- 
struments used for expressing quan- 
titatively its variation in form, and 
there are no less than nineteen differ- 
ent dimensions measured, and some 
twenty-four proportional indices com- 
puted. These different dimensions 
and proportions are computed for some 
eighteen races of mankind including 
Australians, Negroes, South Sea Isl- 
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anders, Chinese, Philippinos, Swiss, 
Indians, etc. 

The results of the study are largely 
a comparison of the size and form of 
the fibula in the different groups. The 
author finds, after all this study, that 
the fibula shows indeed a great variety 
of forms, but little striking racial dif- 
ferentiation. Consequently, the fibula 
is of little importance in racial diag- 
nosis. It does not, for example, com- 
pare for this purpose with the form of 
the nose or head, or even the propor- 


tion of legs to trunk. 
Cuar.es B. DAVENPORT 


Order of Birth and Intelligence 


ORDER OF BIRTH, PARENT-AGE 
AND INTELLIGENCE, by L. L. Tuurs- 
TONE AND Ricuarp L. Jenxrns. 135 pages. 
The University of Chicago Press, 1931. 

HE subject of this book is one on 

which much has been written but 
with few conclusions which have been 
generally accepted. In part this may 
be taken as meaning that average dif- 
ferences between earlier and later 
children or between the children of 
younger or older parents are at best 
not very great; but this conclusion is 
not wholly warranted. Some of the 
studies show rather striking average 
differences. The trouble is that the 
way of the interpreter of most of the 
statistics bearing on the matter is ex- 
ceptionally full of pitfalls. Some of 
these are of the nature of that in- 
volved in the old riddle: Why do 
white sheep produce more wool than 
black ones? There are others into 
which even the most distinguished 
statisticians have fallen. 

The authors of this book have had 
sufficient data to make possible an un- 
usually direct attack on the problem. 
The Chicago Institute for Juvenile 
Research has on file more than 10,000 
case records collected during a period 
of ten years of children varying from 
1 to 21 years of age. Individual mental 
tests have been part of the routine. 
The first result which came out of a 


large random sample was a continuous 
drop in mean I. Q. from first to sixth 
child (76.9 to 69.5). Beyond this the 
numbers were inadequate. The corre- 
lation was - .086 + .018 which is clear- 
ly significant even though small. The 
authors point out that this relation 
may be due either to a real effect of 
order of birth, or merely to a nega- 
tive correlation between social status 
and size of family. 

To eliminate interpretations of the 
second sort, they then made a com- 
parison of the records of families in 
which more than one child had been 
examined. They found that they had 
382 cases in which both first and sec- 
ond born had been examined and com- 
parison of all pairs of birth ranks 
from first to fifth born could be based 
on more than 40 families. These ten 
comparisons presented an opposite 
picture to that shown by the mass 
data. In all of them, the later child 
had the higher I. QO. Moreover in 13 
out of 18 comparisons in which one 
or both of the children were later than 
fifth born, the later child had the 
higher I. Q. A least square determina- 
tion of the increment of each birth 
rank, over the first gave the following 
results: 


2nd 3rd 4th 
648 «675 


last 
5th 6th 7th (of 8 or more) 
11.0 8.1 106 17.1 


‘ 
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The authors conclude that mean T 
Q. increases progressively with birth 
order at least as far as the 8th child 
but that age of parents is apparently 
not a factor by itself. They find that 
possible defects of standardization of 
the test for age is not a factor. They 
do not attempt to determine whether 
the effect is a prenatal biological one, or 
is due to increasing experience of the 
parents or to education of younger 
children by their older siblings. 

This result in conjunction with the 
mass result referred to first implies 
a considerable negative correlation be- 
tween size of sibship and I. Q. A de- 
tailed analysis shows that there is 
such a relation down to average I. Q. 
65 (r = — .188 + .018) but that be- 
low this, mean size of sibship tends 
to decrease with decreasing I. Q. 
(r = + .158 + .028). 

The data are brought to bear on 
several other questions of interest. 

Part II contains a very useful re- 
view of the literature. The authors 
find no experimental studies in ani- 
mals except one made by the reviewer. 
In a large inbred stock of guinea pigs 
the average percentage of white in 
the piebald pattern of the young in- 
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creased with the age of the mother 
until the latter had reached her full 
growth. The percentage of polydac- 
tylous young fell during this period to 
a remarkable extent. These results 
show that prenatal biological effects 
are possible. 

The authors list 166 papers bear- 
ing on the question in man, but find 
difficulties in interpretation prevalent. 
Among the best established relations 
to birth order are an excess of abnor- 
mal confinements, premature births 
and stillbirths in low birth ranks, al- 
so a light average weight at birth and 
heavy infant mortality. On the other 
hand there are fewer twin births and 
fewer Mongolian idiots than among 
later births. A rather imposing list 
of undesirable traits,—insanity, epi- 
lepsy, tuberculosis, criminality, mental 
defect and even albinism—have been 
alleged to be unduly numerous in the 
first born, offset to some extent by al- 
leged longer duration of life after in- 
fancy, more genius and more likeli- 
hood of entry in American Men of 
Science, but these are all cases in which 
the difficulties of interpretation of the 


data, due to mode of collection, are great. 
SEWALL WRIGHT 


University of Chicago 


Sex-Determination for the Layman 


WILL IT BE A BOY? The Facts about 
Sex Determination, by Frivtyjor OEKLAND. 
Pp. 116, price $1.50. The Century Co., 1932. 

HE professional biologist is wont 

to scan with sceptical and jealous 
eye any work that purports to present 
in everyday English the mysteries of 
his field. He fully expects to find it 
littered with exaggerations if not 
actual inaccuracies. Expectations will 
come a cropper after a reading of 
Professor Oekland’s little book of 116 
small pages. Here the writer has 


managed to tell with up-to-dateness 
and scientific exactness, with excellent 
pedagogy and in an engaging style 
the basic facts of our present day 
knowledge of sex determination. While 


the chromosome basis of sex is natu- 
rally stressed the physiological theo- 
ries are not neglected. I found myself 
wishing at times that the discussion 
of certain phases of the subject (par- 
ticularly the physiological) was a bit 
more extensive; but as it is, it is ade- 
quate for the reader for whom it was 
intended and indeed as collateral read- 
ing for the average undergraduate. 
The publishers might take unfair ad- 
vertising advantage if they so desired 
of the title of the last chapter “How 
to produce the sex desired” which, of 
course, of present necessity can hardly 
live up to its suggestiveness. 
Rosert T. HANcE 

University of Pittsburgh 
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DETERMINING SIMILARITY OF TRIPLETS 
AND QUADRUPLETS 


A Quantitative Expression Derived from Measurements of 
External Body Dimensions 


S. E. Torsten Lunp 
University of Minnesota 


ECENTLY the writer com- 
R pleted a_ rather intensive 
psycho-biological study of a 


set of nine-year old girl triplets. In 
making the analysis of the resulting 
data, considerable difficulty was ex- 
perienced in arriving at some quanti- 
tative expression of degree of similar- 
ity of the triplets with respect to 
body build. The usual method of in- 
specting the results of the measure- 
ments and arriving at a_ subjective 
judgment gives results which are of 
unknown validity and reliability. In 
addition, such results are not com- 
parable to those obtained by other 
investigators, which, after all is a 
criterion of paramount importance. 
Faced with this dilemma a paper by 


Aebly! was discovered which illus- 
trated one method. Later it was 
learned that Verschuer*? and Dahl- 


berg* have also worked out methods 
for expressing the degree of similar- 
ity of twins with respect to their 
external body dimensions. The writer 
has devised an extension of this 
method which can be applied to the 
analysis of triplet and quadruplet 
data. 


Aebly describes four measures of 
similarity, only one of which will be 
reviewed in detail. Let x;, Xe, xg 
-... Xp represent the measurements 
of the various body dimensions of 
twin A, and x’;, x's, x’3 .... the 
corresponding measurement on twin 
B. Then one measure of degree of 
similarity can be calculated by means 
of the following formula: 


n 


V 
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An alternate method suggested is 
that of finding the mean of the dif- 
ferences without squaring and ex- 
tracting the square root. It will be 
noted that either of these methods 
has but limited usefulness, as it can 
only be used when the measurements 
are all in the same units, and are not 
too widely different in magnitude. 

The method used by Verschuer is 
applied as follows: 

Let m represent a measurement of 
one body dimension on twin A, and 


m’ the corresponding dimension on 
co-twin B, then 


m+ 

————-= Mean of Measure- 
2 ment (17) 

(2) and M — m (or m’)=The devi- 
ation of either measurement from M. 

(3) Dividing (2) by (1) results in 
converting the deviation into a relative 
value, the per cent of the mean value 
of the two measurements (P.D.). The 
above calculation is then made for each 
body dimension measured. The result- 
ing P.D.’s, are thrown into a distribu- 
tion, the median per cent deviation and 
some measure of variability calculated. 
In this manner we arrive at one single 
quantitative expression of the degree of 
similarity of a set of twins. In order 
to give greater weight to extreme dif- 
ferences jn the measurements, the writ- 
er suggests that each P.D. be squared, 
the (P.D.’s)? be summed, the mean 
(P.D.)* calculated and the square root 
extracted. The method used by Dahl- 
berg is very similar to that of Ver- 
schuer, the main difference being that 
the total difference in each measurement 
is converted into a per cent of the 
mean of the two measurements. 


(1) 
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In order to make use of either of 
the above methods in the study of 
triplets and quadruplets, it is necessary 
to modify the above procedure some- 
what. This modification consists’ of 
breaking up the data for a set of trip- 
lets into three different sets of com- 
parisons, while in the case of quadrup- 
lets, six different comparisons must be 
made. In order to illustrate the meth- 
od, the analysis of the anthropometric 
measurements on the Keys quadruplets 
as reported by Spier® and Brintle? is 
presented in Table I. For our purpose 
we designate the quadruplets as _fol- 
lows: Roberta (W’), Mona (X), Mary 
(Y), and Leota (Z). The per cent de- 
viation (P.D.) has been calculated for 
each of twenty body dimensions accord- 
ing to the following six comparisons: 
W-X, W-Y, W-Z, X-Y, X-Z, and Y-Z. 
The resulting table of P.D. values is too 
lengthy to reproduce here, the median 
values, together with those of the up- 
per and lower quartiles only being giv- 
en. In addition, the median value re- 
sulting when the P.D. values were 
squared, the median (P.D.)? calculated, 
and the square root of the latter ex- 
tracted is set forth in the table as 
Median B. 


The above results are particularly in- 
teresting in the light of Spier’s tenta- 
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tive conclusions: “Roberta (1) and 
Mona (II) are as nearly identical as 
identical twins usually are, Mary (III) 
hardly less different, while Leota (IV) 
is as different as siblings are ordi- 
narily.’’® 

The results of the above analysis do 
not bear out these conclusions, for ac- 
cording to the per cent deviations, X 
and Y (Mona and Mary) are most 
nearly alike in their body dimensions 
as sampled by twenty measurements, al- 
though Il’ and X (Roberta and Mona), 
and WV’-Y (Roberta and Mary) show 
but slightly greater degree of dissimil- 
arity. The above finding is borne out 
by the alternate method represented by 
Median B. To be sure, Spier’s conclu- 
sions should not be questioned on the 
basis of anthropometric measurements 
alone, as they were undoubtedly arrived 
at by including the subjective appraisal 
of facial similarity, hair and eye color, 
etc. 

In Table II, the summary of the 
analysis of the external dimensions of 
three sets of presumably one-egg trip- 
lets is given. Note that in case W 
there is a marked intra-triplet differ- 
ence in the case of the Y-Z compari- 
sons, while such difference in case J 
and case E is less marked. Interest- 
ingly enough, there is an indication that 
triplets resemble each other to a some- 


TABLE I. Summary of Percent Deviations in Twenty Body Dimensions—The Keys Quadruplets.* 


w-X W-Y W-Z X-Y X-Z Y-Z 

. 1.75% 2.12% 2.75% 1.88% 4.00% 3.25% 
Median 1.33 1.33 2.00 1.20 3.33 2.00 
On: 88 50 50 41 2.00 1.50 
Median B 1.85 1.94 2.30 1.70 3.49 3.08 


* Calculated from the data reported by Spier. 


TABLE Il. Summary of Similarity in Body Dimensions of Three Sets of Triplets. 
Case X-Y X-Z Y-Z 
J* 93 dimensions f Qs 2.10% 2.54% 2.54% 
Q Age 9 yrs. Md. 1.09 1.12 1.31 
| Q: 0.41 0.53 0.50 
W® 20 dimensions Qs 2.0 % 1.75% 1.30% 
Q Age 4% yrs. Md. 1.10 1.05 0.57 
Qs 0.60 0.45 0.35 
E® 20 dimensions Qs 1.45% 1.62% 1.40% 
Q Age 8 yrs. Md. 1.00 1.15 aoe 
0.3 


: 
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Lund: Differences in Triplets and Quadruplets 


what greater degree than do quadrup- 
lets, and Verschuer’s data’ indicate that 
identical twins show a greater degree 
of similiarity than either triplets or 
quadruplets, insofar as we have avail- 
able quantitative data for making such 
comparisons. 

The advantage of using this measure 
of similarity lies in the fact that, not 
only does it make possible the expres- 
sion of similarity in a quantitative man- 
ner, but also makes the results com- 
parable with similar data derived from 
the study of siblings and twins. Strict- 
ly speaking, for use in triplet and quad- 
ruplet study, the method consists in 
analyzing the data as if they were con- 
cerned with three sets of twins (trip- 
lets) or six sets of twins (quadrup- 
lets). In the case of triplets, a mea- 
sure of similarity could be arrived at 
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by using the mean of the three mea- 
surements of each body dimension as 
the base, but such procedure would de- 
stroy the comparability of the data with 
results obtained from the, study of 
twins, and could, of course, not be ap- 
plied in the case of two egg triplets, 
especially where one of the triplets was 
of different sex. Although the above 
method does entail considerable work, 
and its reliability is limited by the re- 
liability of the measurements made, the 
application of this method of analysis 
to the measurements of body dimen- 
sions of siblings, twins, triplets, quad- 
ruplets, etc., would eventually make it 
possible to collect norms which would 
be very valuable in the study of the 
relative effect of heredity and environ- 
ment in influencing somatic develop- 
ment. 
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Livestock Ecology 


WEGE UND ZIELE 
HAUSTIER- 


GRUNDLAGEN, 
DER OKOLOGISCHEN 
GEOGRAPHIE, by Sreran Tavussic. (Re- 
print from Zeitschrift fiir Ziichtung. Reithe 
B, XXV, 1932). Pp. 121; 11 figures, 3 col- 
ored maps. Berlin: Paul Parey, 1932. 
tp the assumption that morphol- 

ogical and physiological traits of 
animals are predominantly determined 
by the environment, the author pro- 
poses, in rather lengthy outline, a pro- 
cedure for investigating the ecological 
factors involved in the geographical dis- 
tribution of domestic animals. This 
includes first, a classification of various 
environmental factors, including those 
due to domestication itself, as well as 


natural conditions of climate, soil, veg- 
etation, etc.; and second, a tabulation 
of the characteristics of the animals 
(breed type, color pattern, etc.; phys- 
iological, and even psychological, traits) 
which are to be studied in this con- 
nection. 

Taussig appears to give no attention 
to matters of fad and fashion, which 
are not infrequent factors in deter- 
mining the popularity of a breed or 
type in a particular region, nor does 
he seem to recognize that the breeding 
methods employed in a given locality 
may in many instances have more to 
do with the productivity of the animals 
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than do climatic and other similar fac- 
tors. 

It will hardly be questioned that it is 
desirable to know the optimum environ- 
mental and nutritive conditions - for 
domestic animals, which is one of the 
objectives the author hopes to achieve, 
but the use of his methods for ascer- 
taining these facts seems rather cum- 
bersome. The work includes several 


rather interesting maps illustrating the 
distribution of cattle breeds in Ger- 
many, Switzerland, and Holland, and 
a number of diagrams reprinted from 
other authors to demonstrate methods 
of presenting ecological data. The bib- 
liography is of astonishing catholicity, 
though many of the titles in it appear 
to have little relevance to the text. 
Pavut R. Davin 

Storrs Agricultural Experiment Station. 


Poultry Genetics Up to Date 


POULTRY BREEDING, by Mortey A. 
Jutt. pp. XIV + 376. John Wiley & Sons, 
Inc., New York, 1932. 

HROUGH the rapid growth of the 

poultry industry and the increasing 
use of poultry as material for biological 
investigation, the domestic fowl has 
now become the most numerous and 
the most thoroughly known of all of 
our domesticated animals. For the 
large and varied audience of farmers, 
poultrymen, students in agricultural 
colleges, teachers, investigators and oth- 
ers interested in poultry, Dr. Jull has 
prepared a summary of the written rec- 
ord of knowledge concerning poultry 
breeding. In making selections from 
the voluminous literature he has recog- 
nized the prime fact that the practice 
of breeding animals depends upon the 
operation of general biological prin- 
ciples and most immediately upon those 
which deal with heredity. Two-thirds 
of his book, therefore, are devoted to a 
review of the inheritance of the vari- 
ous characters of the fowl which have 
been studied: color, form, structure 
and size, physiological traits, egg lay- 
ing, characters of the egg, etc. This is 
preceded by a general description of 
the mechanism of reproduction and 
heredity and is followed by a discussion 
of breeding practices, methods for im- 
proving the economic qualities of the 
fowl and practical directions for trap- 
nesting, pedigreeing and _ record-keep- 
ing. Extensive bibliographies and a 


good index increase the usefulness of 
the book for reference purposes, and 
the inclusion of photographs, charts 
and tabular material should make it 
palatable for students and general read- 
ers. 

The summary of the literature which 
is the chief feature of the book rep- 
resents an improvement over previous 
treatments in respect to completeness, 
although evaluation of results and criti- 
cal comment are often replaced by 
quotation of data, which may be wel- 
comed by the advanced student but 
may sometimes confuse the beginner. 
Anyone, however, should be able to 
find in the book adequate introduction 
to the sources of information on the 
important features of inheritance and 
reproduction in the fowl. 

As a text book also it is a welcome 
departure from those usually available 
for courses in animal breeding for it 
confines itself to facts and principles 
and leaves to the teacher and to indi- 
vidual experience the inculcation of the 
“art of breeding,” which frequently 
seems to consist merely of the com- 
bined judgments of successful breeders 
presented as short-cuts or formule for 
immediate application. The use of a 
book of this sort should raise the stand- 
ard of instruction in agricultural 
courses which so often teach practice 


rather than principle. 
L. C. Dunn 
Columbia University. 
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INBREEDING BERKSHIRE SWINE 


E. H. HuGuHes 


California Experiment Station 


HE term inbreeding may be 

applied to breeding operations 

which involve the mating of 
relatives and which lead to a uniform 
type of animal. The degree of in- 
breeding depends upon the relation- 
ship of the mated animals. There 
seems to be conflicting evidence on 
the value and results of inbreeding. 
Miss King at the Wistar Institute, 
where rats were used as the experi- 
mental animal, showed that inbreed- 
ing accompanied by careful selec- 
tion did not produce adverse results. 
Wright,) working with guinea pigs, 
found that the average effect of con- 
tinued inbreeding was to cause a de- 
cline in all elements of vigor. 

Cole? states, “The success or failure 
of inbreeding lies in the individuals 
selected—such results are the effect 
of recombinations of the germ plasm 
and necessary selection of a few in- 
dividuals to breed from. The inher- 
ent difficulty is in obtaining the proper 
combination of heritable qualities and 
of recognizing it when it appears.” 


Inbreeding of Swine 


In an effort to improve the types 
of cattle in England, Bakewell, Bates 
and others mated closely related in- 
dividuals. Careful selection for de- 
sirable characteristics, as they knew 
them, was rigidly practiced. This 
practice resulted in a manifestation 
of marked improvement in the types 
they were attempting to produce. 
Gentry, a master breeder and judge, 
successfully followed, in fact is still 
following, the same principles in the 
production of a superior type of 
Berkshire hog. These men were 
eminently successful in establishing 
certain superior qualities in the ani- 
mals they were breeding. No doubt 
the rigid selection and mating of 


superior individuals was one of the 
important reasons for their successes. 

Hayward® reports the double mat- 
ing of inbred Berkshire sows with an 
inbred Berkshire boar and a purebred 
Chester White boar. In a number of 
litters pigs sired by each boar were 
farrowed. The white pigs in these 
litters were a check on the black in- 
bred litter mates. The crossbred pigs 
showed superior size, growth and 
vigor over the purebred, inbred, Berk- 
shires in the same litters. 

Inbreeding experiments with swine 
at four places in the United States, 
covering a considerable period of 
time, has been discussed by McPhee, 
Russell and Zeller*,®. An inbreeding 
experiment with Poland Chinas has 
been in progress at the University 
of Minnesota since 1923-24. Duroc 
Jerseys have been inbred at the Okla- 
homa Agricultural College for a num- 
ber of vears. At Clemson Agricul- 
tural College Berkshires have been 
inbred. Chester Whites, Tamworths 
and Poland Chinas have been inbred 
at the United States Department of 
Agriculture Experiment Farm at 
Beltsville since 1923-24. 

As a result of inbreeding at each 
of the four places there has been an 
indication of a loss of vigor in the 
inbred pigs. At two of these stations 
some difficulty has been experienced 
in getting inbred boars to mate with 
litter mate sisters. The segregation 
of a different color from breed stand- 
ards has occurred with the Poland 
Chinas at the University of Minne- 
sota and at the United States Depart- 
ment of Agriculture Experiment 
Farm. The appearance of structural 
abnormalities among the inbred 
strain has been rare. 

Inbreeding Berkshires 

Desiring to add further knowledge 
to this important subject. an experi- 
ment was begun at the University of 
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PEDIGREE OF INBRED PIGS 
Figure 8 


Extended pedigree of inbred litter of Berkshire pigs born March 24, 1931. It will 
be seen from this pedigree that the pigs are very highly inbred. The coefficient of in- 
breeding (Wright) of these pigs is 74.00, which compares with a coefficient of 66.00 for 
one of the Bates shorthorn cattle, and of 25.00 for the inbreeding resulting from the 
mating of brother and sister whose father and mother are not inbred. It will be seen 
that for the first four generations there are only two individuals in each generation, 
and in the first seven generations there are only 25 ancestors instead of 254, as would 
be the case were no inbreeding involved. The experiment has been complicated by in- 
fection with abortion disease, but even with this adverse factor the very intense in- 
breeding practiced has produced no strikingly adverse results. 
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Hughes: Inbreeding Berkshire Pigs 


TYPE OF BERKSHIRE PIGS PRO- 
DUCED-BY INBREEDING 


Figure 9 


Enhancer’s Leader 2d (4) and Enhancer’s 
Leader Belle 2d (B) at about 15 months of 
age. These pigs, rather highly inbred them- 


selves, are the octuple great grand-parents of the three pigs shown below (see pedigree on 
opposite page). The three pigs (C) are the survivors at 47 days of age of a litter of 8 pigs 


born March 24, 1931 (one was lost the day before the photograph was taken). 


Although 


they are the product of three generations of brother-sister mating these pigs show no gross 


abnormalities nor defects. 


California in 1922. At that time there 
were in the University herd several 
Berkshires that were very closely 
related. Two of these animals were 
Enhancer’s Leader 2d and Enhancer’s 
Leader Belle 2d. They were both 
sired by Enhancer and out of sows 
sired by the same boar; namely, Star 
Leader. Star Leader and Big Leader 
the sire of Enhancer were both sons 
of Grand Leader 2d. 

Enhancer’s Leader 2nd was mated 
to Enhancer’s Leader Belie 2d. This 
mating resulted in a litter of ten far- 
rowed and nine raised. A boar, Double 
Leader 4th, and a litter mate Duble 
Leader Belle, were saved and mated. 
They were selected because they were 
the largest, and most vigorous pigs in 
the litter. From this mating a boar 
Double Leader of U. F. and a litter 
mate Double Leader Belle of U. F. 
were saved and mated. As a result 


of this mating Sir Double Leader and 
his litter sisters, Miss Double Leader 
Belle and Miss Double Leader Belle 
2nd were selected and mated. 


From 


these matings two litters were far- 
rowed in the spring of 1931. 


Record of Pigs Farrowed 


The record of production for Peggy 
Leader, the dam of Enhancer’s Leader 2d. 
1917 1 Litter 10 pgs 
1918 1 Litter 12 pigs 
1919 1 Litter 9 pigs —_——— 
1920 Spring Litter 9 pigs 

Fall Litter 9 pigs | Per Hitter 
1922 1 Litter 6 pigs 


The same for Leader's Belle of U. F. 3d 
the dam of Enhancer’s Leader Belle and 
Enhancer’s Leader Belle 2d. 


1917 
1919 
1920 


1921 
1922 


1 Litter 
1 Litter 


Spring Litter 
Fall Litter 


1 Litter 
1 Litter 


Enhancer’s t 
Enhancer’s Leader 2d, litters farrowed in 


1923-24-25. 


10 pigs 
11 pigs 
9 pigs 
6 pigs 
13 pigs 
7 pig's 
Leader Belle 2d mated to 


Average 
9.33 pigs 
per litter 


Litters farrowed in 1926 sired 


by a boar of another breed. 


1923 
1924 
1925 
1926 


1 Litter 
1 Litter 
1 Litter 
Spring 


(cross breds) 


10 pigs 
11 pigs 
15 pigs 
11 pigs 


Average 
11.0 pigs 
per litter 


Fall (cross breds) 8 pigs 
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Enhancer’s Leader Belle mated to En- 
hancer’s Leader 2d. 


1923 1 Litter 10 pigs 

1924 Spring litter 10 pigs Average 
Fall litter 9 pigs per litter 

1925 1 Litter 13 pigs 


Double Leader Belle mated to Double 
Leader 4th (litter mates). 
1926 1 Litter 9 pigs ) Average 
1927 1 Litter 10 pigs 10.0 pigs 
1928 1 Litter Il pigs) per litter 

Double Leader Belle of U. F. mated to 
Double Leader of U. F. (litter mates) lit- 
ters farrowed in 1928-29. The 1930 litter 
was a cross bred litter and the 1931 litter 
was sired by a son, Sir Double Leader. 
1 Litter Pigs | 

929 1 Litter 8 pigs! Averag 
1930 1 Litter 11 pigs $ 8.75 a 

(cross breds) per litter 

1931 1 Litter J 


Miss Double Leader 


9 pigs 
Belle and Miss 


Double Leader Belle 2d, mated to Sir 
Double Leader Belle (all litter mates). 
1931 Spring litter 8 pigs | Average 
Spring litter 6 pigs ( 7.0 pigs 
“) per litter 


During the years from 1919 to 1926 
inclusive Berkshire Sows in the Uni- 
versity herd, have averaged 8.14 pigs 
farrowed per litter. This is from a 
total of 71 litters farrowed by sows 
of all ages. They were sired by 11 
different boars. Since 1922 there has 
been a total of 18 litters farrowed by 
inbred sows, except for four litters, 
all have been sired by litter mates. 
The average size of these litters was 
9.78 pigs, 1.64 pigs more to the litter 
than the average for all Berkshire 
sows during the years 1919-1926 in- 
clusive. While the average size of in- 
bred litters is greater than for the 
average of our Berkshire herd, the 
litters from Miss Double Leader Belle 
and her litter sister Miss Double 
Leader Belle 2d were not so large as 
the average of the litters farrowed 
by Enhancer’s Leader Belle and En- 
hancer’s Leader Belle 2d, two of the 
first sows used in this study. The 
litters from Miss Double Leader Belle 
and her litter sister, however, are 
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first litters, and it has been shown* 
that first litters are smaller than later 
ones, there being an average differ- 
ence of 2 pigs per litter between the 
first and fourth litters. 


Abortion Disease a Factor 


Early in 1929 nearly half of the 
hogs in the college herd reacted to 
the agglutination test for swine abor- 
tion. Prior to this date breeding diffi- 
culties had been encountered. Sows 
would farrow normally in the spring 
and fail to conceive for a fall litter. 
There was no definite means of know- 
ing how long some of the inbred ani- 
mals had been infected with the abor- 
tion organism. During the early part 
of the calendar year 1931, all the in- 
bred Berkshires on this experiment 
reacted to the abortion test. 

From the 1931 spring crop of in- 
bred pigs, three pigs, one boar and 
two gilts have been saved that are 
free from abortion. These young in- 
bred animals will form a nucleus for 
the continuation of the experiment 
free from at least one serious in- 
fluence that probably affected the 
birth weight of the young pigs and 
which was probably partially respon- 
sible for some of the breeding diffi- 
culties experienced during the past 
years, 

Because of the foregoing facts no 
birth or weaning weights are re- 
ported in this paper. The number of 
pigs farrowed per litter seemed a 
more accurate measure of our in- 
breeding results. 

Extended pedigrees of an inbred 
litter farrowed in March, 1931, of 
Double Leader 4th. of Grand Leader 
2d, and of Lord Premier, are pre- 
sented (Figure 8). An examination 
of this pedigree of the inbred litter 
farrowed in March, 1931, presents a 
record of the inbreeding operations 
since 1922. The pedigree of Double 
Leader 4th reveals the fact that his 


* Records of 1,152 litters and 10,555 pigs from breeding records of 10 experiment 


stations and college herds (South 


Dakota, 


Wisconsin, Michigan, Illinois, Cornell, 


Nebraska, Missouri, Kansas, Purdue and Ohio). 


| 
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Hughes: Inbreeding Berkshire Pigs 


sire (Enhancer’s Leader 2d) and _ his 
dam (Enhancer’s Leader Belle 2d) 
were very closely related. Grand 
Leader 2d was an inbred boar him- 
self, Lord Premier appearing four 
times in the fourth generation. Finally 
an examination of the extended pedi- 
gree of Lord Premier shows that he 
was somewhat inbred himself, par- 
ticularly on his sire’s side. Longfel- 
low 16835 appears twice in the first 
four generations and Charmer’s Duke 
13360 appears four times in the first 
five generations. All the animals on 
the mother’s side of the pedigree of 
this boar were bred in England ex- 
cept his dam. She was bred in Can- 
ada. 

Photographs of Enhancer’s Leader 
2d, Enhancer’s Leader Belle 2d and 
of three of the inbred 1931 spring lit- 
ter are presented in Figure 9, to illus- 
trate the type of Berkshires that are 
and have been used in this study. 

Summary 

1. The average number of pigs far- 
rowed, in the inbred litters, have been 
greater (9.78 pigs per litter) than the 
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average for the Berkshire herd (8.14 
pigs per litter for the years 1919-1926 
inclusive ). 

2. There has been a slight but 
gradual decrease in the number of 
pigs farrowed in the inbred litters 
since 1923. The last litters, how- 
ever, were the first litters of the sows 
in question, which tended to be smaller. 

3. The type of the pigs in all the 
inbred litters have been similar. 

4. There has been no noticeable 
color change or structural abnormali- 
ties in any of the inbred pigs. 

5. The results obtained thus far 
seem to agree in part with those of 
Miss King (no noticeable loss in size 
or vigor) and in part with the results 
of other workers (there has been a 
slight decrease in size of the inbred 
litters). 

6. The standard deviation from the 
mean of the inbred litters is 2.56 with 
a probable error of + .288. The 
standard deviation from the mean of 
all Berkshire litters from 1919 to 1926 
inclusive is 5.34 with a probable error 


of + .302. 
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The Disintegration of a Primitive Culture 


THE CHANGING CULTURE OF AN 
INDIAN TRIBE, by Marcaret Mean. Pp. 
xiv+313, price $4.50. Columbia University 
Press, 1932. 


HE relationships between primi- 

tive and advanced peoples con- 
stitute one of the major problems of 
modern civilization, especially any 
civilization,—if there be one— which 
looks far into the future. Such prob- 
lems have existed for ages, but have 
generally been left to solve them- 


selves, the contacts beginning with in- 
vasion and in modern centuries going 
on in the hands of missionaries and 
traders until, with increasing num- 
bers of the white invaders, problems 
of administration and government ob- 
truded themselves. Only relatively 
recently has the more enlightened 
study of the effects of such racial con- 
tacts from the anthropological, sociol- 
ogical and psychological points of 
view begun to suggest how much con- 
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tacts should take place and how they 
might be controlled. 

Dr. Margaret Mead has made a 
study of the present condition of a 
tribe of Plains Indians in the buffalo 
country west of the Mississippi. She 
sketches briefly the earlier history of 
the tribe since contact with the white 
man began about the middle of the 
seventeenth century. The identity of 
the tribe is disguised under the name 
Antlers, the names of individuals are 
also altered throughout and sometimes 
suppression of other information is 
considered necessary, in order to avoid 
disclosing the particular reservation 
where the data were collected. 

The tribe originally built earth 
lodges (some of large size), hunted 
buffalo, cultivated maize, held pot- 
latches and had a complicated system 
of kinships and taboos. By the mid- 
dle of the nineteenth century their 
reservation was demarcated and they 
were nominally Presbyterians. Their 
present condition, as it has developed 
since 1900, is detailed in this book, 
and shows how misguided Government 
administration has resulted in the dis- 
integration of their own primitive cul- 
ture and its replacement by utterly 
chaotic social and economic conditions, 
rapidly changing in each generation 
with increasing dissatisfaction of: both 
Indians and whites. 

No particular blame can be attached 
to the American government for this 
state of affairs. Successive genera- 
tions of officials no doubt acted in 
what they considered the most en- 
lightened way to produce rapid ab- 
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sorption of white civilization by a 
primitive people. But their policy was 
determined at a time before the prob- 
lems relating to the psychology and 
development of primitive peoples and 
their reactions to white influence had 
even been defined. The Indians re- 
ceived the franchise, on the generous 
supposition that this would be an aid 
in absorbing an alien European cul- 
ture much of which was beyond their 
comprehension. At the same time 
they were made land owners, each 
family receiving a parcel of at least 
40 acres, although the whole concep- 
tion of individual land ownership was 
entirely foreign to their tribal organ- 
ization. The leasing and sale of their 
property has led to the eruption of 
white people into the community, with 
its many disintegrating secondary ef- 
fects. 

Although it is now impossible to 
return to earlier conditions, yet many 
improvements could doubtless be 
made, for instance by altering the 
present system of education, which 
unfits so many of the Indians for 
later life and uproots the foundations 
of their original morality. As a study 
in maladjustment and its results, this 
book should be useful in indicating 
directions in which the administration 
of Indian reservations could be al- 
tered for the benefit of all concerned, 
although the authoress is at pains to 
make her work a purely scientific in- 
vestigation of conditions as they now 
exist. 

R. Ruccites Gates 
University of London 
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LIVING AND 


THE MECHANISTIC AUTONOMY 
OF NATURE, by Cart F. Krarrr. 101 
pages, price $1.00. — by the author. 
Washington, D. C., 


WO entirely different lines of at- 

tack are open for investigation of 
the nature of life processes. One line 
may be described as inductive; it is 
based upon the assumption that life 
processes are not so totally different 
from processes in inorganic systems 
but that certain points of similarity 
can be found. The _ investigations 
then begin with a search for such 
points of similarity and lead on 
through chemical and physical studies 
to elucidate their nature and to deter- 
mine to what extent a comparison of 
certain processes in non-living systems 
to certain life processes is justified. A 
highly abbreviated review of such 
work is given in a volume recently 
published by the reviewer (R. BEvt- 
NER. Physical Chemistry of Living 
Tissues and Life Processes, Baltimore, 
1933). 

The other line of attack denies a 
priori that the essential features of 
life can be compared to anything in 
the non-living world and begins with 
speculations as to the nature of the 
irreproduceable vital processes. Such 
speculations are probably as old as 
mankind itself. Whereas formerly 
they were draped with a variety of 
religious, or philosophical considera- 
tions, it is now-a-days more common 
to adapt them to modern scientific 
conceptions. 

Krafft’s book sets forth new hy- 
potheses of this character. It is to 
be hoped that some of his ideas may 
prove useful and stimulating for fu- 
ture scientific development, but it is 
difficult to see just which new points 
of attack he suggests. After an intro- 
ductory chapter in which all irrational 
view points are condemned, the writ- 
er gives his ideas on atomic structures 
attempting to reconcile the old “vor- 
tex theory” with the modern con- 


ception of electrons, protons, etc., as 
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NON-LIVING 


building stones of the atoms. He 
then passes to the discussion of biol- 
ogical problems. He emphasizes par- 
ticularly the complete difference be- 
tween the living and the non-living 
nature, and furthermore states that 
“the ultimate cause of life must be 
the same for all living organisms be- 
cause living matter is always com- 
posed of substantially the same pro- 
toplasmic material and always passes 
through the same cycles of growth 
and reproduction regardless of its 
rank in the plant or animal kingdom.” 

The vague terms “living material” 
and “protoplasm,” have led here, and 
elsewhere, to considerable confusion. 
According to such a prominent bio- 
chemist as Gowland Hopkins: “There 
is no such thing as living matter in 
a specific sense. The special attribute 
of such systems from a_ chemical 
standpoint is that these reactions are 
organized, not that the molecules con- 
cerned are fundamentally different in 
kind from those the chemists meet 
elsewhere.” (GowLanp Hopkins, Lan- 
cet, 1925). 

Why “living matter” should always 
be essentially identical is hard to un- 
derstand. Does it not appear to exist 
in endless varieties of quite different 
character ? 

The writer then reviews what he 
calls “protoplasmic chemistry” this be- 
ing essentially the well known chem- 
istry of proteins. (Lipoids and carbo- 
hydrates are considered to play a more 
subordinate role in the vital proc- 
esses). But, he considers this chem- 
istry as inadequate for explaining 
vital functions since “the determina- 
tion and persistence with which liv- 
ing organisms will pursue and devour 
every bit of food material within 
reach and invade the entire earth’s 
surface with their progeny shows that 
they must possess within the chemical 
structures of their tissues some con- 
trivance which is definitely superior 
to ordinary chemical forces and which 
can function in a manner unknown to 


” 
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chemical science. What is needed for 
this purpose is not some new form 
of molecule but some new type of 
chemical structure; not some new ar- 
rangement, but some new principle.” 

This new principle is assumed to be 
an arrangement of the amino-acid 
molecules in helical spirals which he 
terms “spirasines.” He claims that 
these hypothetical structures are the 
cause of life because of their ability 
to combine with other peptid group- 
ings of identical character, hence pro- 
ducing a process of assimilation lead- 
ing to vital growth. 

The concluding chapters deal with 
the application of the spirazine theory 
to the explanation of the make-up of 
living matter, to cell division, heredity 
and ontogenetic development. 

The book contains, at the chapter 
headings, numerous quotations from 
famous scientists and philosophers 
such as Descartes, Newton, Lamarck, 
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Claude Bernard, Haeckel and others, 
but the exact relationship of these 
rather general statements to the hy- 
potheses explained in the text is not 
easy to see. Very few references to 
the literature are given. One of them 
relates to A. L. Herrera’s work on 
“artificial cells,” but it should be re- 
membered that in this line of devel- 
opment everything is still rather un- 
certain. 

In conclusion the reviewer wishes to 
voice his opinion that a great deal of 
ingenuity was necessary for the de- 
velopment of Krafft’s biological hy- 
potheses dealing with molecular struc- 
tures of protein compounds im vivo 
and the further consequences of these 
ideas. It would seem desirable that 
his assumptions should be rendered 
amenable to experimental examination 
and to further application to funda- 
mental biological problems. 

R. BeNnTON 
University of Louisville 


Jewish and Gentile Cancer 


CANCER AND RACE, by Mavrice 
Sorssy. William Wood & Co., N. Y., 1931. 


N this interestingly written book the 
question of cancer incident in Jews 
and Gentiles is analyzed and discussed. 


The author maintains throughout a 
scholarly and scientific attitude. He 
recognizes at the outset certain funda- 
mental but unavoidable sources of un- 
certainty in the data which he pre- 
sents. Among these are “lack of uni- 
formity in the published data,” “local 
conditions frequently colour statistical 
data to no inconsiderable extent,” 
. “Jews ...do not lend themselves 
very well to statistical examination,” 
and the fact that “countries vary 
greatly in their cancer mortality.” 


Part I deals with the incidence of 
cancer among Jews. London, Amster- 
dam, Vienna, Budapest, Warsaw, Lodz 
and Leningrad are considered in sep- 
arate sections. The author concludes 
that the incidence of cancer varies 
greatly with the different communities. 
In London ard Warsaw the total in- 


cidence in Jews and non-Jews appears 
to be approximately equal. In Amster- 
dam, Budapest and Lodz the rate for 
Jews is lower, while in Leningrad it 
is higher. Vienna shows a changing 
rate. He also notes the fact that the 
rates for Jews and non-Jews are closer 
in a given city than are those for 
Jews alone when different cities are 
compared, This, of course, is a clear 
indication that lumping or combina- 
tion of data for different cities is a 
dubious statistical procedure. 

In studying the distribution of can- 
cer according to sex, the same division 
of data by cities is again followed. 
Summarized, the results seem to show 
in London, Budapest, and Warsaw an 
excess of cancer in Jewish women as 
compared with that in Jewish men, 
which follows roughly a similar dis- 
tribution in non-Jews. In Amsterdam, 


Vienna, and Lodz no significant differ- 
ence between the sexes 
either Jews or non-Jews. 

The incidence of cancer according to 
the organ affected is next considered. 


is noted in 
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Jewish and Gentile Cancer 


Such differences as exist in cancer 
of the alimentary tract suggest that 
Jews may show a higher incidence. 
The opposite seems to be true for can- 
cer of the buccal cavity. In ovarian 
cancer the Jews again appear to be 
higher. There is no significant differ- 
ence in the incidence of breast cancer. 

“A remarkably lower rate for uter- 
ine cancer is recorded for the Jews 
in all the cities investigated.” It is only 
from one-half to one-third that of 
non-Jews. 

Cancer of the penis is absent in 
Jews in so far as available data from 
the cities in question are concerned. 

Part II is in the nature of a gen- 
eral discussion. Its special emphasis 
is the problem of a specific racial fac- 
tor in cancer. The author feels that 
“the greater part of the discrepancies 
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between the distribution of cancer by 
organ as seen in Jews and non-Jews 
finds its explanation in the mode of 
life led by the Jews.” 

In general, on the basis of the data 
here offered, the reader will certainly 
have to agree that the factor which the 
author chooses to emphasize is cer- 
tainly present. This fact obviously 
introduces a second variable to add to 
that of “race.” Until data are col- 
lected from other sources and we are 
able to study cancer incidence in those 
of Jewish descent who do not follow 
the Jewish “mode of life” we shall not 
be able to distinguish between the two 
variables. The accurate evaluation of 
their importance is thus postponed for 
the present. 

C. C. 
Bar Harbor, Me. 


Barnard Trustees on Motherhood and Careers 


HE report of the Dean of Barnard Col- 

lege for the period ending June 30, 1932, 
contains a statement concerning college ac- 
tion on a problem that has puzzled many 
administrative groups. We quote from the 
report: “One of the most perplexing prob- 
lems thrust upon women by the economic 
and social changes of recent years has been 
the necessity of combining marriage, mother- 
hood, and careers. Partly because of our 
location in a great city and our connection 
with a large university where careers for 
husbands were conveniently at hand, Barnard 
has for many years had married women on 
its teaching staff. Recently, when the ques- 
tion of children arose, the President and the 
Trustees in several special cases arranged 
for the mother, when the birth of a child 
was expected, a half-year’s leave of absence 
with full pay. 

“Tt has seemed desirable to the Trustees 
to decide whether such a policy is a reason- 
able one and if so to regularize the practice. 
Accordingly a special committee of the 
Board was appointed to study the question, 
and on its recommendation the following 
resolution was adopted at the Annual Meet- 
ing of the Trustees in December: 

Resolved, That a woman member of 
the administrative or instructional staff 


of Barnard College, on Trustee appoint- 


ment for full time, who is expecting a 
child, be granted a leave of absence for 
a half year on full salary or for a full 
year on half salary, the period of the 
leave to be determined by the Dean after 
consultation with the individual con- 
cerned, 


“The administration is much gratified by 
this enlightened and progressive action. We 
have felt for many years that a woman's 
college was a peculiarly appropriate place 
in which to experiment with solutions of the 
new problems faced by women, and to at- 
tempt to arrive at some wise adjustment. 
Our observations have shown that the com- 
bination of rearing children and carrying on 
college teaching is a difficult one, but in 
some cases certainly very desirable. It is of 
the greatest importance that our teachers 
should be -normal and interesting human 
beings, with as full and rich lives as may 
be. Neither the men nor the women on our 
staff should be forced into celibacy, and cut 
off from the great source of experience, of 
joy, sorrow and wisdom, which marriage and 
parenthood offer.” 

The Trustees should be congratulated on 
thus maintaining the college reputation for 
progressive thought and action. 


JourNAL or SoctaL HYGIENE 


REARED APART SINCE INFANCY 
Figure 10 

Again fate tries an experiment in the effect of rural and urban environments on at 
identical genetic constitution. Raymond (at right) was adopted by a well-to-do physi- 
cian in a large city, Richard by a truck farmer in Southern Illinois. The rather slight 
differences brought to light by these tests are in favor of the twin who has had the 
harder, more varied, and “less favorable” environment. The photograph was made when the 
twins were ten years old. At thirteen they are still as closely alike as identical twins 
reared together. 
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MENTAL AND PHYSICAL TRAITS OF 
IDENTICAL TWINS REARED APART 


Case VII. Twins Richard and Raymond 


H. H. NewmMan 
The University of Chicago 


HIS report deals with the young- 

est pair of separated twins in our 

series. When examined they were 
131% years old. These twin boys were 
born in Indiana to parents of middle 
European extraction, who were hard- 
working, honest and thoroughly respect- 
able. They already had as many (or 
more) children as they could support 
when the twins were born. Against 
the parents’ desires they consented to 
the adoption of the twins by two un- 
related families. Richard was adopted 
when one month old, Raymond when 
fourteen months old. 

Raymond was given a home in the 
family of a well-to-do physician in a 
large Indiana city and has had many 
advantages incident to such a home. 
Richard’s foster father is at present a 
truck farmer living near a small south- 
ern Illinois mining town. He has lived 
in several different places, including a 
short period in Chicago, since Richard 
was adopted. From what I am able to 
learn from Raymond's foster parents, 
Richard’s home life has been one of 
ups and downs, chiefly downs, but he 
has one very important home asset, an 
excellent mother. Neither of his foster 
parents has had much education. 

Both boys have had the same amount 
of schooling, and at the time we studied 
them they were both in the eighth 
grade. They both have the reputation 
in school of being very alert and in- 
terested in their studies. About once 
a year the boys have been together for 
a day or so in Raymond’s home, and 
during these brief associations have 
seemed very fond of each other and 
always liked to do the same things. 

There have been no foster brothers 
or sisters at all near the twins’ age, 


in either of the foster families. Ray- 
mond has two foster sisters, both much 
older than he. Richard is the only 
child in the family. Members of Ray- 
mond’s family claim that the environ- 
mental differences in the two homes 
have been very marked and very much 
in favor of Raymond, but it seems to 
us that there are some advantages for 
Richard in having had a much more 
varied and changing social environment. 
He has also had to do much more 
for himself than has Raymond, who 
has always had a great deal done for 
him. 
Proof of Monozygosity 

It seems hardly necessary to enter 
into an elaborate proof of monozygos- 
ity for this pair. The photograph of 
them at ten years (Figure 10) shows 
them to be typical identical twins. The 
only real physical difference between 
them that we could find is that one of 
Raymond's legs is a little shorter than 
the other as the result of a cartilage in- 
fection in the knee. Table I gives their 
physical characteristics, etc., and empha- 
sizes their close resemblance. In nearly 
all respects Richard is a size larger, but 
identical twins reared together com- 
monly show differences of about the 
same degree. 

The finger print formulae are as fol- 
lows: 
. RICHARD 

Left hand Right hand 

U.W. Wu. W.Wlu. Wau. W. Wu. W. 


RAYMOND 
Wadu. W. Wu. W. Wlu. Wdu. W. W. W. W. 


All the fingers but the left thumb of 
Richard have whorls. The formulae of 
Richard’s right and Raymond’s left 
hand are the same. Also there are 
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more detailed resemblances between 
Richard’s right and Raymond’s left 
hand than between own right and left 
hand of either twin. The patterns of 
all four hands, however, are very sim- 
ilar. 
The quantitative values, involving 
ridge counts of the digital patterns are 


as follows: 
Left Right Total 


Newman —— 53 58 111 


Method Raymond 56 57 113 
Bonnevie {Richard 42 46 88 
Method YRaymond 46 45 91 


According to the first method there 
is a difference of total values of only 
two points; according to the second 
method the difference is three points. 
One method shows slight mirror-imag- 
ing, the other does not. These differ- 
ences in quantitative vzlues are well be- 
low the average found in 50 pairs of 
identical twins reared together. 

The formulae for the palm prints 
are as follows: 


Richard (Left). 9.7.5”.H—tt”—Lr.0.0.0.L. 
(Right) — 11.9.7, H—tt”—Lr.O.0.L.0. 


Raymond (Left)....7.5".5”.3— t --A".0.0.0.L. 
(Right) — 9.7. 5”.H—tt”—Lr.0.0.0.L. 
Here Richard’s left hand is almost 
identical with Raymond’s right, where- 
as there are marked differences between 
Richard’s left and his own right and 
between Raymond's right and his own 
left. 

Thus both finger prints and palm 
patterns show the type of mirror imag- 
ing characteristic of so many identical 
twins. This mirror imaging is carried 
out in several other features. Thus 
Richard’s right hand is broader than 
the left, while Raymond’s left hand is 
broader than the right. Also Richard’s 
left forearm is larger than his right, 
while Raymond’s right is larger than 
his left. Both are now functionally 
right-handed and both have clockwise 
hair whorls. They are almost indistin- 


guishable in hair color, eye color, shape 
of ears, shapes and condition of teeth, 
condition of skin, features, expression, 
and even in the distribution of small 
moles on the face. 
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Intelligence Tests 
1. Stanford-Binet Mental Test.— 


The results of this test are as follows: 
Richard Raymond 

Mental Age........ l4yrs.,4mos 14 yrs., 2 mos, 
106 105 
These are very slight differences, con- 
siderably less, in fact, than the average 
differences in 50 pairs of identical 
twins reared together. 

2. Thurstone Psychological Exam- 
ination—This test, designed as it is 
for high-school graduates and fresh- 
men in college, was naturally too diffi- 
cult for these boys, yet they did better 
than some freshmen. The results are 


as follows: 
Total Score PercentileRank 
8 


43 3 
Difference .......... 15 


Richard again scored slightly higher 
than Raymond, but the difference is 
not considered very significant, since 
there is a difference of only one place 
in percentile rank. 

3. International Group Intelligence 
Test (non-verbal).—Here the total dif- 
ference was a little greater. Richard’s 
score was 140 and Raymond’s 126, a 
difference of 14, a significant differ- 
ence; and the difference is in the same 
direction as in the first and second 
tests. 

4. Otis Higher Examination—This 
test is also designed for high-school 
and college students. The results were: 


Mental Index of 

Score Age Brightness 
Raymond. 36 15yrs., 115—Normal 
Richard ... 31 13 yrs.,10mos. 74—Normal 


Here there was a difference of 14 
months in mental age in favor of Ray- 
mond, a difference that tends to balance 
the superiority of Richard in the pre- 
vious tests. 

5. Sanford Achievement Test—The 
results are as follows: 


Total 
Average Age Grade 
Score Equivalent Equivalent 
Raymond .... 102.0 15 yrs., 11 mos. 10.0 
Richard. ........ 101.3 15 yrs., 9 mos. 98 


Differences 0.7 2 mos. 0.2 
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Designation of Trait 2 3 4 5 6 7 8 9 
1. Speed of movement 
2. Freedom from Load 
3. Flexibility 
4. Speed of decision 
5. Motor Impulsion 
6. Reaction to Contradiction oT 
7. Resistance to Opposition 
q = 
8. Finality of Judgment - d 
9. Motor Inhibition 
10. Interest in Detail 
ll. Coordination of impulses 
12. Volitional Perseverance 


RICHARD 


WILL-TEMPERAMENT “PROFILE” 
Figure 11 


Considerable differences in temperament are indicated by the Downey-Will 


tem- 


perament Test, the results of which are diagrammed here. Richard, perhaps because he has 
had a less protected life, is the more positive and aggressive. 


The differences here are once more 
very slight, and probably not significant, 
but they are in favor of Raymond. 

Summary of Intelligence Tests.— 
The results of all five tests show that 
Richard and Raymond are approxi- 
mately equal, what little difference 
there is being slightly in favor of Rich- 
ard, the twin with the supposedly less 
favorable home environment. 


Temperament—Emotional Tests 


6. Woodworth Mathews’ Personal 
Data Sheet—Raymond gave 14 un- 
favorable answers, Richard 12. Four 
of these answers are the same for both. 
This seems to indicate that their nerv- 
ous balance is about the same, but that 
the items that disturb one are some- 
what different from those that disturb 
the other. No really significant differ- 


ence in temperament is indicated by 
this test. 


7. Pressy X-O Test of Emotional 
Reactions.—In this test the differences 
were somewhat greater, but the differ- 
ence was marked only in one of the 
elements of Test I, which tests reac- 
tions to unpleasant words. The scores 
on this test were as follows: 


Raymond Richard 
Disgust  ........... 16 ll 
Fear eee 9 5 
9 2 
Self-feeling —................ 12 10 
46 28 


These differences are the only ones 
found that seem to reflect rather de- 
finitely the differences in home life of 
the two boys. Richard has seen more 
of the seamy side of life and is less 
adversely affected by suggestions of 
fear and sex than is Raymond, who 
has rarely been away from his rather 
refined and sheltered home. 
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PALM PRINTS OF THE TWINS 


Figure 12 


The palm print formulae are given in the text. All four patterns are quite remark- 
ably alike. The most striking resemblance is between Richard’s left palm (upper left) 
and Raymond's right (lower right). The formulae which describe the patterns of these 
two hands are identical. This is a typical example of the mirror image resemblances that 
are found so often in identical twins. 
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8. Downey Will-Temperament Test. 
—In this test Richard had a total score 
of 69, Raymond of 52. This difference 
of 17 points is too high to be over- 
looked and shows some real difference 
in temperament. The greatest differ- 
ences are in motor impulsion and reac- 
tion to contradiction, where Richard 
is distinctly superior, and in resistance 
to opposition, where Raymond is su- 
perior. There seems to be no question 
but that Richard is the more positive, 
more aggressive of the twins. This is 
doubtless the result of his somewhat 
greater contact with the difficulties of 
life. It is quite possible that later on, 
when the occasion demands, Raymond 
will toughen up in his reactions. The 
graphic details of this test are given 
in Figure 11. 

9. Kent-Rosanoff Association Test. 
Rather curious differences between 
the two boys appeared in a number of 
items in this test. Richard gave only 
13 unusual responses, while Raymond 
gave 69. The average frequency of 
response for Richard was 214, and that 
for Raymond 61. These represent, if 
genuine natural reactions, very large 
differences in temperament. At pres- 
ent we do not understand the sig- 
nificance of these great differences. 
Personally, I am inclined to suspect 
that Raymond was getting tired of tests 
and tried to be funny at our expense, 


sponses indicate associations so un- 
usual that they do not appear in the 
authors’ table of common _ responses. 
Also there seems to be no imaginable 
connection between many of his paired 
words. Some of the worst of these 
were: “sickness-shoe,” “soft-building,” 
“eating-paper,” “mutton-bulb,” “fruit- 
girls,” ‘“smooth-spine,” “sweet-door,” 
and so on. 

Either Raymond had a mild brain- 
storm during this test or he possesses 
a peculiar temperament. We are at 
present arranging for these twins to be 
examined by a psychiatrist in order to 
determine, if possible, how real the 
temperament-emotional differences are. 

Dr. Freeman is frankly puzzled about 
this test, but is inclined to think that 
the “test indicates a marked qualitative 
difference in the mental processes of 
the two boys.” 

Summary of Temperament-Emo- 
tional Tests—The evidences are clear, 
I believe, that the boys differ rather 
decidedly in temperament, but that the 
differences are not as yet to be taken 
at face value. The boys are perhaps 
a little too young to take these tests 
quite seriously, and there are some in- 
dications that Raymond took them less 
seriously than Richard. 

Association with the boys impressed 
the examiners with the fact that Rich- 
ard is distinctly more aggressive and 


for a very large number of his re- more positive in his reactions. At 
TABLE I—Physical Characteristics 

Richard Raymond 
86.5 Ibs. 86.0 Ibs. 
Circumference right calf... 46.1 cm. 46.0 cm. 
Circumference left calf.................. 46.2 cm. 44.0 cm 
Width of right hand... 7.7 cm. 7.4 cm 
Width of left hand... 7.4 cm. 
fii 17.3 cm. 17.3 cm 
SEE 14.4 cm. 14.4 cm 
Hair whorl.....Clockwise on right side Clockwise near middle 
Teemh.............-.. Lower hight first and second molars decayed Same 
en Both of Raymond’s and Richard’s right alike, 

Richard’s left a little different in form 5 
Eyes.................. late gray Same 
Hair color........ Medium brown Same 
Hair texture....Straight and moderately fine — 
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present he certainly seems to have the 
stronger personality. I would then 
class this pair as moderately different 
temperamentally, equal intellectually, 
and almost equal physically. 


Conclusion 


The only effective environmental dif- 
ference has been one in social milieu. 
Richard has had a more varied and 
harder life than Raymond. This seems 
to have brought out in him some of 


THE TECHNIQUE OF SOCIAL PROG- 
RESS, by Hornett Hart. Pp. xv+708. 
Henry Holt & Co., 1931. 


R. HART’S substantial volume, 
The Technique of Social Prog- 
ress, is intended as a textbook for an 
orientation course in the social sci- 
ences. Its central theme is the devel- 
opment of human culture. As is shown 
in the introductory chapter, progress 
is a subject about which writers on 
social phenomena entertain the widest 
possible variety of opinions, some 
holding that “progress is inevitable,” 
and that we are destined to go on 
steadily towards perfection, eventually 
arriving at some kind of a millenium, 
whereas others are prophets of des- 
pair and look forward to a period of 
decadence out of which we may or 
may not rise. 
The second chapter on Racial Prog- 
ress and Regress deals briefly with 


Social Progress in Review 


the more positive traits of character 
that as yet are relatively undeveloped 
in Raymond. These twins show on 
the whole less extensive differences 
than any pair in the series thus far re- 
ported. This may be due partly to the 
fact that they are considerably younger 
than any of the others with less time 
in which to have grown different, and 
partly to the fact that the environmental 
differences encountered by them have 
not been very great. 


man’s biological evolution, both past 
and present, with comments on the 
present dysgenic propagation of the 
race. The great bulk of the volume 
is devoted to discussions of diffusion 
versus parallelism, the development of 
technology, changes in the scale of 
living, the cultivation of the arts and 
sciences, the evolution of religion, 
changes in domestic relationships, and 
the development of economic and 
political institutions. At the close of 
each chapter there are questions for 
thought and discussion, and reference 
assignments for various classes of stu- 
dents, so that a choice may be made 
of the more appealing topics. It is 
impossible to convey an adequate idea 
of the rich contents of this volume in 
a short review. If the student does a 
quarter of the work that is laid out 
for him he should have a pretty fair 
introduction to to the social sciences. 
S. J. Hotmes. 
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THE MECHANISM 
CREATIVE EVOLUTION 


By C. C. HURST 


Doctor of Philosophy of the University of Cambridge 
Author of Experiments in Genetics 


From the Preface: 

Aiter thirty years’ experiments carried out in different parts of the world, with 
representative species of every type of living organism, the time seems to be ripe for a 
gathering together of the multitudinous facts which go to make up the genetical story 
of creative evolution. * * * * Mendel’s original discovery, developed by the experiments 
of Bateson and others and crowned by the brilliant work of Morgan and his colleagues, 
has led to consequences so far-reaching as to bring about one of the greatest revolu- 
tions that science has known, and has resulted in the elevation of biology to rank of an 
exact science. * * * * The gene is the unit of life and the genetical species is the unit 
of creative evolution. The far reaching importance of these vital units to mankind can 
hardly be overestimated, since the genes are not only the basis of all structural and 
functional characters but, as recent work indicates, they are also the foundation of human 
thought and action. 


What Reviewers Say: 


“Dr. Hurst has performed a very great service for expert and layman alike.” 
New York Times. 


“Of vital importance to every intelligent citizen of our modern world.” 
Scientific Book Club Review. 


“This is by far the most complete discussion of chromosomes and their importance 
in evolution to appear in recent literature. It is fascinatingly written, and is authorita- 
tive as well. The book is a worthy and necessary addition to any scientific library.” 

L. H. Snyper in Ohio Journal of Science. 


“Dr. Hurst's book comes like a breath of fresh air. The problems of genetics 
and evolution are restated in an original and extraordinarily lucid way.” 
T. D. A. CocKEReLt in Science. 


“Hurst has produced what may be called the perfect picture book of genetics, a 
volume beautifully printed at Cambridge, England. The impression, however, should 
not be created that this is merely a picture book. * * * *It contains a lucid and inter- 
esting account of the development of genetics and its relation to the theory of evolu- 
tion, * * * * The distinctive feature of this volume is its abundance of carefully selected 
figures numbering 198, collected for the most part from the publications of a great 
number of investigators and reproduced with perfect fidelity. Often the arrangement 
or description of the figures creates a much more telling effect than the original pub- 


lication itself.” W. E. Caste in the Journal of Heredity. 


Crown quarto xii + 365 pages 200 Illustrations $6.00 


THE MACMILLAN COMPANY 


Cambridge University Press Department 
60 FIFTH AVENUE NEW YORK CITY 


iy: 


“BUT A LITTLE TO EACH OF YOU” 


HETHER one copy of the JouRNAL is printed or ten thou- 

W sand, many of the larger costs of preparation would be the 
same. The entire expense of typesetting, halftone engrav- 

ings, editing, correspondence with authors regarding articles, proof, 
etc., must be incurred before a single copy can be mailed. On the 
most economical basis these preliminary expenses would amount to 
over $400.00. If ten thousand copies are printed instead of one, 
the additional cost of paper, of binding and trimming the extra 
copies, etc., would amount to only about $400.00. Thus, the cost 
of the 9,999 additional copies would be less than that first expen- 
sive copy. The cost of these additional 9,999 copies is about four 
cents each. If we lump our expenses for these two runs, and dis- 
tribute all the costs over ten thousand copies, the production cost 
of each copy is eight cents each, as compared with a production 
cost of $400.00 for publishing but one copy. 

These facts have an interest to every member of the A. G. A. 
because they have a very important bearing on the future of the 
JoURNAL—economic conditions being as they are. The greater part 
of the income available for publishing the JourNAL is derived from 
the dues paid by every member. Whenever a member withdraws for 
economic or other reasons, our income is reduced $3.00 but our 
expenditures cannot be reduced in proportion. It is easy to see that 
even a rather small percentage of withdrawals may threaten with 
financial disaster a publication operating near the margin between 
available funds and necessary costs. Thus a ten per cent reduction 
in membership and subscriptions (350) means about $1,100 less 
income, but our production costs can be reduced only about 
$175.00, leaving a deficit nearly a thousand dollars to be met in 
other ways! 

This situation is one which every scientific journal is having to 
face at this time. Reductions in income are being necessarily re- 
flected in fewer pages and in increased delays in publication. We 
are making every possible economy consistent with maintaining the 
quality of the JourNaL. The support we have received during the 
first three years of the depression has been little less than phenom- 
enal, but we cannot maintain the JoURNAL on its present basis with- 
out the continued support of those who have been members of the 
A. G. A. in past years. There is no question but that the JouRNAL 
fills an important place in genetic publications, but it cannot be con- 
tinued on good wishes—and “I read it every month in the Library.” 
The publication of the JourNAL is made possible by these individ- 
ual contributions which, “though but a little to each of you, repre- 
sent a goodly sum in the aggregate.” 
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